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Chapter I 
ntTRODUCTION 
Scope of the Paper 
'lhe obJect of this paper is to assist the ceramics 
teacher in experimentation with local clays. 'lhe use of 
local clays has a definite esthetic value, especially 
when the teacher makes use of all of the instructional 
aids associated with the geology and industrial-ceramic 
aspects which may be incorporated with field trips and 
the experimentation and processing necessary to make the 
clay useful. 
'!he fact that clay is of native origin will carry 
almost as much significance as the student's own pride 
in the pottery he has ma.de, especially if he has located 
the deposit and aided•in the digging and processing of 
the clay. 
Sources and Method of Treatment 
A thorough investigation was made of the following 
sources: ceramic engineering text-books, periodicals of 
the ceramic industry, pottery text-books, theses SJ'ld 
papers from the libraries of the University of Washington, 
University of Oregon, and Central Washington College of 
l 
E d u c a t i o n ;  p 1 u s  t e c b m i c a . l  l i t e r a t u r e  f r o m  t h e  D e p a r t m e n t  
o f  C o n s e r v a t i o n  a n d  D e v e l o p n e n t ,  D i v i s i o n  o f  G e o l o g y ,  
I  
S t a t e  o f  W a s h i n g t o n ;  a n d  t h e  U n i v e r s i t y  o f  W a s h i n g t o n  
E n g i n e e r i n g  E x p e r i m e n t  S t a t i o n .  ' I b e  a u t h o r ' s  e x p e r i e n c e  
a n d  t r a i n i n g  i n  t h e  f i e l d s  o f  p o t t e r y ,  g e o l o g y ,  m i n e r a 1 o g y ,  
o r g a n i c  a n d  i n o r g a n i c  c h e m i s t r y ,  a n d  i n  t h e  t e a c h i n g  o f  
c h e m i s t r y  a n d  s c i e n c e  w e r e  c o r r e l a t e d  w i t h  t h e  a b o v e  
i n f o r m a t i o n .  
' I h e  a u t h o r  h a s  c o l l e c t e d  t h a t  i n f o r m a t i o n  n o t  
n o r m a l l y  f o u n d  i n  c e r a m i c  t e x t - b o o k s  a n d  h a s  w r i t t e n  
i t  i n  s u c h  a  m a n n e r  t h a t  i t  m a y  b e  u s e d  b y  a  r e l a t i v e l y  
i n e x p e r i e n c e d  p e r s o n .  A n  i n T e s t i g a t i o n  w a s  m a d e  o f  
p o t t e r y  t e x t - b o o k s  a n d  i t  s h o w e d  s u c h  i n f o r m a t i o n  a s  
b e i n g  v e r y  g e n e r a l  o r  w a n t i n g .  A  p e r s o n a l  s t u d y  o f  t h e  
e n g i n e e r ' s  a p p r o a c h  t o  t h e  p r o b l e m  o f  p r e p a r a t i o n  a n d  
u t i l i z a t i o n  o f  r a w  c l a y s  w a s  t h e n  m a d e  i n  t h e  a b o v e - n a m e d  
l i b r a r i e s ,  p l u s  t h e  a u t h o r ' s  o w n  l i b r a r y  o f  c h e m i s t r y ,  
m i n e r a l o g y ,  g e o l o g y ,  a n d  i n f o r m a t i o n  o n  c h e m i s t r y  o f  t h e  
s o i l .  T h i s  i n f o r m a t i o n  w a s  t h e n  c o n d e n s e d  a n d  w r i t t e n  
i n  t h e  l i g h t  o f  p o t t e r y  a n d  i t s  p r o b l e m s  o f  s m a l l  p r o -
d u c t i o n ,  s m a l l  c a p i t a l ,  a n d  a  s c h o l a s t i c  a p p r o a c h .  
D u r i n g  t h e  p a s t  y e a r s ,  w h i l e  o n  g e o l o g y  e x c u r s i o n s  
w i t h  M r .  B e c k  a n d  o n  p e r s o n a l  e x p l o r a t i o n  o f  t h e  a r e a ,  
2  
clay deposits have been sampled and their properties 
tested. Much of the instruction a.nd advice has come 
from personal experience and the application of this 
training to the problems confronted in like situations 
and to the parenthetical problems which will arise when 
a.n inexperienced person attempts to make use of this 
information. 
Much of the information contained in this paper 
cannot be attributed to any person because the information 
and methods are well known in the engineering and pro-
fessional branches of ceramics and have been reported 
from time to time in ceramic periodicals; however, where 
it is felt that an author has contributed an original 
statement, notations are made. 
Tests which are mentioned in this paper have been 
carried out by the author in the ceramics laboratory for 
the purpose of improving qualities of clay. Only those 
methods which have proven to be satisfactory and within 
the range of the equipment, time, and economy of school 
laboratories have been advised. 
3 
W h a t  i s  C l a y  
C h a p t e r  I I  
G E N E R A L  I N F O R M A T I O N  
D e f i n i t i o n  a n d  S o u r c e  o f  C l a y  
C l a y  i s  a  s o f t  e a r t h y  m i x t u r e  c o n t a i n i n g  h y d r o u s  
a l u m i n u m  s i l i c a t e s  a n d  u s u a l l y  s i l i c a  a n d  o r g a n i c  m a t e r i a l  
a l o n g  w i t h  c o m p o u n d s  o f  s o m e  o r  a l l  o f  t h e  f o l l o w i n g :  
i r o n ,  m a g n e s i u m ,  s o d i u m ,  p o t t a s i u m ,  t i t a n i u m ,  m a n g a n e s e ,  
c a l c i u m ,  a n d  t r a c e s  o f  o t h e r s .  C l a y  i s  p l a s t i c  w h e n  w e t  
a n d  h a r d  a n d  b r i t t l e  w h e n  d r y .  S o m e  s h a l e s  a r e  c l a y s  
t h a t  h a v e  b e e n  h a r d e n e d  b e c a u s e  o f  p r e s s u r e  a n d  r e q u i r e  
s o m e  p r o c e s s i n g  b e f o r e  t h e y  r e g a i n  t h e  p r o p e r t i e s  o f  c l a y .  
T h e  G e o l o g y  o f  C l a y  
T h e  e a s t e r n  p a r t  o f  t h e  U n i t e d  S t a t e s  i s  g e o l o g i c a l l y  
v e r y  o l d  s o  t h e  r o c k s  h a v e  h a d  m i l l i o n s  o f  y e a r s  t o  r o t  
a n d  c h a n g e  t o  c l a y .  I n  m a n y  p l a c e s  t h e  c l a y  m a y  b e  h a d  
a l m o s t  ~ p l a c e  a n d  t h e  p r o b l e m  i s  t o  c h o o s e  t h e  b e s t  
o n e  f o r  t h e  p u r p o s e .  T h i s  i s  n o t  t h e  c a s e  w i t h  m o s t  
w e s t e r n  l o c a l i t i e s  w h e r e  t h e  r o c k s  a r e  " y o u n g "  a n d  t h e  
f o r m a t i o n s  o f  c l a y - p r o d u c i n g  m a t e r i a l s  r e l a t i v e l y  n e w .  
M a n y  o f  t h e  g o o d  d e p o s i t s  h a v e  b e e n  u n d e r  p r e s s u r e  d u r i n g  
4  
changes in the surface such a.s lava flows, upb.eaTels, 
and folding of Tast areas. Pressure and mine~als carried 
by water have formed shales which would be good clay 
except for the cost of mining and grinding, plus the 
undesirable fluxing action of such minerals as lime. 
Other deposits of rock flour and silt have not undergone 
enough disintegration and leaching to make good clay. 
How Nature Prepares Clay 
Clays originally were part of rooks such as f eldapar, 
gneiss, or sandstone which contained aluminum silicate 
material. Rocks are broken down by erosion due to strealns, 
glaciation, earth movements, and weathering. Soluble 
materials are leached out by carbon dioxide and organic 
acids carried by water, leaving behind the insoluble 
clay formations. Almost all clay deposits will vary, 
especially those which show bedding. Some deposits may 
have only scattered bands of useful clay while others 
have many. A homogeneous mixture may be more desirable 
than any one layer due to excessive richness in one and 
poorness in another. 
Residual deposits. Residual clay is formed in its 
present location from parent rocks. High grade residual 
5 
c l a y s  s u c h  a s  k a o l i n  h a v e  b e e n  f o r m e d  b y  t h e  r o t t i n g  a n d  
l e a c h i n g  o f  h i g h  a l u m i n a  c o n t a i n i n g  m a t e r i a l s  s u c h  a s  
f e l d s p a r ,  g r a n i t e ,  a n d  g n e i s s .  I f  t h e  p a r e n t  r o c k s  h a v e  
h i g h  p e r c e n t a g e s  o f  o t h e r  i n s o l u b l e  m a t e r i a l s  o n l y  p a r t l y  
d e c o m p o s e d ,  t h e  c l a y  w i l l  b e  o f  a  p o o r e r  g r a d e .  
T y p e s  o f  s e d i m e n t a r y  c l a y s .  S e d i m e n t a r y  d e p o s i t s  
a r e  t h o s e  ' W h e r e  t h e  m a t e r i a l  h a s  b e e n  t r a n s p o r t e d  f r o m .  
o t h e r  p l a c e s  b y  w i n d  a n d  w a t e r  a n d  m a y  b e  r e s i d u a l  d u e  
t o  d e c o m p o s i t i o n  a f t e r  t h e  d e p o s i t  w a s  f o r m e d .  
A l l u v i a l  c l a y s  a r e  d e p o s i t e d  b y  s t r e a m s  w h i c h  h a v e  
p i c k e d  u p  c l a y  a n d  o t h e r  m a t e r i a l s  a n d  m o v e d  t h e m  a l o n g  
u n t i l  t h e y  s e t t l e  o u t  a s  t h e  w a t e r  s l o w s  d o w n .  A l l u v i a l  
c l a y  b e d s  w i l l  u s u a l l y  h a v e  m a r k e d  s t r a t i f i c a t i o n  o r  
l a y e r s  d u e  t o  d e p o s i t i n g  o f  h e a v y  m a t e r i a l s  d u r i n g  h i g h  
w a t e r  a n d  f i n e r  m a t e r i a l s  d u r i n g  o t h e r  s e a s o n s .  ! h e s e  
c l a y s  m a y  c o n t a i n  m u c h  u n d e s i r a b l e  s a n d .  
M a r i n e  a n d  e s t u a r i n e  d e p o s i t s  f o r m e d  i n  s e a s  a n d  
a t  t h e  m o u t h s  o f  r i v e r s  u s u a l l y  c o n t a i n  l i m e  a n d  s h e l l s ,  
a n d  t h e  c l a y  i s  a n  e n d  p r o d u c t  o f  t h e i r  d e c o m p o s i t i o n .  
T h e  e s t u a r y  a p p e a r a n c e  w i l l  b e  s o m e w h a t  t h e  s a m e  a s  
a l l u v i a l  d e p o s i t s  w i t h  u s u a l l y  m o r e  u n i f o r m i t y  i n  t h e  
c l a y  m a t e r i a l s .  
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Lacustrine deposits result from materi~ls settling 
out of water after it has reached the still waters of a 
lake. The appearance will be similar to estuary deposits 
with probably more fossil leaves and other debris. Many 
of these deposits contain considerable iron. 
Eolian clays are formed from dust and silt which 
have been deposited by the wind and have undergone de-
compos 1 tion and leaching. 
Glacial clay is formed by the disintegration of 
rock flour and other materials deposited by glaciers. 
The quality will depend on parent rocks. 
Refractory clays contain considerable amounts of 
materials such as alumina and silica which do not fuse 
(melt) until f.ired at extremely high temperatures. 
Clays Commonly Used in Pottery 
Ball clays are very strong, plastic, slightly re-
fractory, and When used alone have a tendency to crack 
and have a fairly high shrinkage. Ball clays are used 
with china clay and other low plastic clays to improve 
the plasticity, strength, and shrinkage of the mixture. 
Ball clays are used in some glazes. 
7 
K a o l i n  o r  c h i n a  c l a y s  a r e  h i g h l y  r e f r a c t o r y ,  w h i t e  
f i r i n g ,  a n d  r e l a t i v e l y  f r e e  o f  f l u x e s  a n 4  c o 1 o r i n g  a g e n t s .  
K a o l i n  i s  l o w  i n  p l a s t i c i t y  a n d  r e q u i r e s  t h e  a d d i t i o n  o f  
b a l l  c l a y ,  f e l d s p a r ,  b e n t o n i t e ,  a n d  f l u x e s  f o r  p o t t e r y  
u s e .  I t  i s  u s e d  i n  s o m e  g l a z e s .  
F i r e  c l a y s  a r e  v e r y  r e f r a c t o r y  a n d  o f  m e d i u m  p l a s -
t i c i t y .  T h e y  r e q u i r e  t h e  a d d i t i o n  o f  b a l 1  c l a y  a n d  
f l u x e s  f o r  p l a s t i c i t y  a n d  l o w  v i t r i f i c a t i o n .  
T h e  C h e m i c a l s  i n  C l a y  
T h e  t h r e e  b a s i c  c h e m i c a l s  o f  t h e  h y d r u s  a l u m i n a  
s i l i c a t e s  ( b a s i c  c l a y  s u b s t a n c e )  a r e  s i l i c a ,  a l u m i n a ,  
a n d  w a t e r .  T h e s e  t h r e e  c h e m i c a l s  m a k e  u p  a  g r e a t  p o r t i o n  
o f  t h e  c r u s t  o f  t h e  e a r t h ,  b u t  i t  i s  o n l y  w h e n  t h e y  h a v e  
d e c o m p o s e d  f r o m  r o c k ,  s a n d ,  a n d  o t h e r  m a t e r i a l s  t h a t  t h e  
b a s i c  c l a y  i s  f o r m e d .  P u r e  c l a y  o r  k a o l i n  i s  r a r e  c o n -
s i d e r i n g  t h e  q u a n t i t y  o f  i m p u r e  c l a y s ,  p r i m a r i l y  b e c a u s e  
s o  l i l 8 J l l y  o t h e r  c h e m i c a l s  a r e  a s s o c i a t e d  w i t h  t h e  p a . r e n t  
r o c k s  o f  c l a y .  
A l u m i n a  
A l u m i n a  m a k e s  u p  a . b o u t  f o r t y  p e r  c e n t  o f  k a o l i n  a n d  
i s  f o u n d  i n  s m a l l e r  p r o p o r t i o n s  i n  t h e  i m p u r e  c l a y s .  T h e  
f u n c t i o n  o f  a l u m i n a  i n  c l a y  i s  q u i t e  i m p o r t a n t .  I t  i s  
a  
responsible for much of the refractoriness (resistance 
to melting 'When fired) of clay, and also for much of the 
pla.stici ty and worke.bili ty of clay. 
Silica 
Silica. is an essential component of clay. It is 
present in two forms -- as free silica or quartz in sand, 
and in combination with other elements in the form of 
silicates such as feldspar, mica, and kaolin. Sand {siiic~ 
lessens the plasticity increasing the porosity. and thus 
improves drying and lessens shrinkage. "It is not an 
active flux although when finely ground and mixed with 
kaolin, it lowers the fusion point." {8:20) 
The addition of silica (flint) to the body or glaze 
will reduce crazing. Gritty substances do not always 
indicate silica sand because feldspar, rock flour, and 
iron compounds may appear as sandJ however, their presence 
ma.y give the advantages of silica. in working a.nd have 
another effect in firing. 
"Clays containing a high percentage of very finely 
divided sand (silt) may absorb considerable water in 
mixing but show a low air shrinkage." (17: ) 
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W a t e r  
C h e m i c a l l y  c o m b i n e d  w a t e r  ( w a t e r  o f  c h r y s t a l i z a t i o n }  
w h i c h  i s  p a . r t  o f  t h e  s t r u c t u r e  o f  c r y s t a l s ,  s u c n  a s  k a o l i n ,  
i s  d r i v e n  o f f  d u r i n g  f i r i n g  o f  t h e  c l a y .  P o r e  w a t e r  i s  
t h a t  w a t e r  w h i c h  a d h e r e s  t o  t h e  g r a i n s  o f  c l a y  e v e n  t h o U g h  
t h e  c l a y  i s  a i r - d r i e d .  H e a t i n g  a b o v e  t h e  b o i l i n g  p o i n t  
r e m o v e s  p o r e  w a t e r .  W a t e r  o f  p l a s t i c i t y  i s  t h a t  w a t e r  
w h i c h  i s  n e e d e d  t o  m a k e  c l a y  p l a s t i c .  
I r o n  
C l a y s  w h i c h  c o n t a i n  i r o n  u s u a l l y  a r e  o t h e r  t h a n  w h i t e .  
U n l e s s  i r o n  i s  b l e a c h e d  w i t h  l i m e  o r  f i r e d  w i t h o u t  a m p l e  
a i r  s u y p i y ,  i t  w i l l  g i v e  a  r e d  t i n t  o r  c o l o r  t o  t h e  w a r e  
d e p e n d i n g  u p o n  t h e  c o n c e n t r a t i o n  a n d  t e m p e r a t u r e  o f  f i r i n g .  
L i m e  
" n i . e  h y d r o c h l o r i c  a c i d  t e s t  i s  u s e d  t o  i n d i c a t e  
p r e s e n c e  o f  l i m e  i n  c l a y s ,  f o r  l i m e  c a r b o n a t e  ( C a c o
3
)  
i s  t h e  m o s t  c o m m o n  c a r b o n a t e  p r e s e n t . "  ( 2 2 : 4 1 - 2 }  W a r e  
c o n t a i n i n g  l i m e  m a y  s l a c k  o r  r o t  d u e  t o  a b s o r p t i o n  o f  
w a t e r  a n d  c a r b o n  d i o x i d e  b y  t h e  q u i c k l i m e  f o r m e d  b y  f i r i n g .  
" I f  t h e  q u a n t i t y  d o e s  n o t  c a u s e  e x c e s s i v e  f l u x i n g  a c t i o n  
a n d  a  s h o r t  v i t r i f i c a t i o n  r a n g e ,  c l a y s  c o n t a i n i n g  f i n e l y -
d i v i d e d  l i m e  c a n  b e  u s e d  f o r  c o m m o n  s t r u c t u r a l  w a r e s  
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because the lime unites with the clay to form stable 
calcium silicates. However, the color of red-burning 
clays will be bleached, and it is difficult to produce 
vitrified wares. Pebbles of limestone cause •poppers' 
and disintegrated ware." (22:41-2) 
"Lime carbonate readily effervesces in cold hydro-
chloric acid." (22:42) And there is a heavy precipitation 
of lime in sulphuric acid. 
"The rate of vitrification may be undesirably rapid 
if as much as five to ten per cent of lime is present, 
particularly if' accompanied by other fluxes." (8:22) 
Magnesia 
"The action of magnesium oxide is similar to that 
of calcium oxide but it is less effective as a flux and 
a bleaching agent." ( 22:42) 
Other Minerals 
Soda, potash, and lithia are alkalies which act as 
fluxing agents and promote vitrification. Feldspars are 
a source of alkalies. 
Titanium, rutle, and ilmenite which are present in 
small quantities in many clays act as fluxes. 
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T r a c e s  o f  m a n y  m i n e r a l s  ( " t r a c e  m i n e r a l s " )  a r e  f o u n d  
i n  c l a y s ,  b u t  t h e  q u a n t i t y  i s  s o  s m a l l  t h a t  t h e i r  p r e s e n c e  
i s  o f  l i t t l e  s i g n i f i c a n c e .  
O r g a n i c  M a t t e r  
O r g a n i c  m a t t e r  i s  q u i t e  c o m m o n  i n  s u r f a c e  c l a y s  a n d  
s e d i m e n t a r y  t y p e  c l a y s .  O r g a n i c  a c i d s  m a y  b e  p r e s e n t  i n  
a n y  t y p e  o f  c l a y  a n d  a s s i s t  i n  t h e  d e c o m p o s i t i o n  o f  c l a y  
m a t e r i a l s  a n d  i n  p r o d u c i n g  p l a s t i c i t y .  B u r n i n g  o f  o r g a n i c  
m a t e r i a l  a c c o u n t s  f o r  s o m e  o f  t h e  l o s s  i n  w e i g h t  ( i g n i t i o n  
l o s s )  d u r i n g  f i r i n g .  
C h a r a c t e r i s t i c s  o f  C l a y  a . n d  H o w  t o  A l t e r  n t e m  
n > . e  c h a r a c t e r i s t i c s  o f  c l a y s  a r e  m a n y  a n d  v a r i e d .  
I t  i s  t h e  p a r t  o f  t h e  p o t t e r  t o  s e l e c t ,  d i s c a r d ,  t r y ,  
a n d  i m p r o v e  t h e s e  c h a r a c t e r i s t i c s  t o  f i t  h i s  n e e d s .  
T h r o u g h  t h e  c e n t u r i e s  c l a y  h a s  b e e n  a . n d  s t i l l  i s  a n  
i n s p i r a t i o n  t o  t h o s e  ' W h o  w o r k  i t ,  f o r  t o  t h e  a r t i s t , t h e  
p o t t e r ,  t h e  s c i e n t i s t ,  a n d  t h e  e n g i n e e r  a  n e w  c l a y  i s  
a  n e w  m e d i u m  o f  e x p r e s s i o n ,  a  n e w  t e x t u r e ,  a  n e w  c o l o r ,  
a  n e w  f e e l ,  a  n e w  c h a l l e n g e  u n l i m i t e d  i n  p o s s i b i l i t i e s .  
O r i g i n a l  P r o p e r t i e s  o f  C l a y  
C o l o r .  T h e  c o l o r s  o f  r a w  c l a y  a r e  o f  l i t t l e  d e f i n i t e  
i n d i c a t i o n  o f  t h e i r  f i r e d  c o l o r  s i n c e  s o m e  l i g h t  c o l o r e d  
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clays will fire red and other clays, especially those 
with organic matter, may be quite dark yet their fired 
color will be white. Through experience and experimen-
tation, an acquaintance with local clays will make a 
raw color analysis fairly certain for a particular 
locality. Iron, organic matter, and manganese may be 
present in different proportions and haye a definite 
effect on the fired color of the clay. Other materials, 
such as lime, may have a bleaching effect. 
Hardness 
Clays will vary from a powdery material which will 
make a workable clay almost immediately to hard shales 
which have to be ground before they are of any use. 
The hardness of a clay indicates very little as to whether 
the clay is usable or not. For small production, the 
inconvenience and expense of grinding may eliminate the 
use of some shales. 
Slacking 
Slacking is the ability of clay to disintegrate in 
water. The slacking test gives some indication as to 
the characteristics of the clay. If the sample disinte-
grates immediately when placed in water, it probably 
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c o n t a i n s  s a n d  o r  s o m e  o t h e r  n o n p l a s t i c  m a t e r i a l  a n d  m a y  
b e  a  l e a n  o r  w e a k  c l a y .  
" T h e  r e s i s t a n c e  t o  s o f t e n i n g  i n  w a t e r  o f  a  c h u n k  o f  
t h e  o r i g i n a l  c l a y  o r  s h a l e  d e p e n d s  n o t  o n l y  o n  t h e  a m o u n t  
a n d  f i n e n e s s  o f  t h e  p o r e  s p a c e ,  t h e  f i n e n e s s  o f  t h e  c l a y  
g r a i n s ,  a n d  t h e  a m o u n t  o f  p l a s t i c  m a t e r i a l  p r e s e n t ,  b u t  
a l s o  o n  t h e  c o m p a c t n e s s  a n d  u n i f o r m i t y  o f  t h e  s t r u c t u r e  
r e s u l t i n g  f r o m  i t s  g e o l o g i c  e x p e r i e n c e  ( p r e s s u r e ,  l e a c h -
i n g ,  a n d  s o l i d i f i c a t i o n  o f  l i m e ) . "  ( 2 2 : 4 3 )  
H a r d  c l a y s  o r  s h a l e s  m a y  b r e a k  d o w n  i n t o  s m a l l e r  
c h u n k s  o r  s h o w  n o  s i g n s  o f  d i s i n t e g r a t i o n .  G r i n d i n g  m a y  
r e n d e r  t h e m  u s e f u l ,  o r  i f  t h e y  s l a c k  o n l y  p a r t i a l l y ,  
t h e y  m a . y  b e  u s e d  a s  g r o g  t o  l e s s e n  d r y  s h r i n k a g e  o f  
o t h e r  c l a y s .  H a r d  c l a y  a n d  s h a l e s  d o  n o t  a c t  a s  g r o g  
i n  f i r i n g  b e c a u s e  t h e y  s h r i n k  a t  t h e i r  o w n  r a t e  o n  f i r i n g .  
T e x t u r e  
T h e  t e x t u r e  o f  c l a y  i s  d u e  p r i m a r i l y  t o  t h e  s i z e ,  
s h a p e ,  a n d  p r o p e r t i e s  o f  d i f f e r e n t  g r i t t y  c o m p o n e n t s  o f  
c l a y .  T h e  t e x t u r e  r u n s  f r o m  t h e  r o u g h  s a n d y  c l a y s  a n d  
s h a l e s  t o  t h e  v e r y  f i n e  g r a i n e d  p l a s t i c  c l a y s  a n d  s i l t s .  
T h e  s a n d y  c l a y s  c a n  e a s i l y  b e  d i s t i n g u i s h e d  b y  t h e i r  
a p p e a r a n c e .  G r i t  c a n  b e  e a s i l y  d e t e c t e d  b e t w e e n  t h e  
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fingers, by scraping with a knife, or by checking a 
piece of clay between the teeth. Fine grained silts 
and clays will have little or no grit when tested by 
this method. Fine grained clays will be more plastic 
than those with larger grain; they also dry slowly, 
crack, and have a high shrinkage. 
Wet Properties of Clay 
Wet properties or pre-firing characteristics of 
the clay must also be taken into consideration. 
Plasticity 
Plasticity is the ability of a clay to respond to 
forming and to holding the shape given it. The different 
degrees of plasticity are from the very plastic, the 
waxy, the sticky, and the medium plastic to the nonplastic 
sandy clays. There is no practical method of measuring 
plasticity because of the variety of factors which con-
tribute to varying conditions. 
Plasticity is increased by reducing the grain size, 
removing sand and other nonplastic materials, ageing and 
weathering, and kneading. "Clays are more plastic in 
the neutral and flocculated condition than the defloccu-
lated." (23:85) 
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G r i n d i n g  t h e  c l a y  t o  a  f i n e r  g r a i n  s i z e  i n c r e a s e s  
t h e  w a t e r  h e l d  b y  t h e  c l a y  a n d  l u b r i c a t e s  t h e  g r a i n s .  
S m a l l e r  g r a i n s  h a v e  m o r e  o f  a  c o l l o i d a l  a c t i o n  w h e r e  
t h e  g r a i n s  a r e  f o r c e d  a p a r t  b y  e l e c t r i c  c h a r g e s  c a r r i e d  
b y  t h e  g r a i n s .  T h i s  a l s o  p r e v e n t s  f r i c t i o n  a n d  a l l o w s  
t h e  c l a y  t o  f l o w  e a s i e r .  " W i t h o u t  t h e  n o n  p l a s t i c  
p o r t i o n ,  i t  w o u l d  b e  i m p o s s i b l e  t o  s h a p e ,  d r y ,  a n d  f i r e  
c o m m e r c i a l  w a r e s  b e c a u s e  o f  e x c e s s i v e  s t i c k i n e s s ,  h i g h  
c o n t e n t  o f  w a t e r ,  h i g h  s h r i n k a g e ,  d i f f i c u l t y  o f  r e m o v i n g  
w a t e r ,  a n d  a  g r e a t  t e n d e n c y  t o  c r a c k . "  ( 2 3 : 1 0 1 )  
S t r e n g t h  
T h e  s t r e n g t h  o f  w e t  c l a y  i s  i t s  a b i l i t y  t o  h o l d  
t o g e t h e r  a n d  r e t a i n  s h a p e  w i t h o u t  s a g g i n g  o r  c r a c k i n g .  
T h e  s t r o n g  c l a y s  u s u a l l y  c o n t a i n  h i g h  p e r c e n t a g e s  o f  
p l a s t i c  c l a y .  L o w  s t r e n g t h  i s  d u e  p r i m a r i l y  t o  s a n d  
c o n t e n t .  S t r e n g t h  o f  a  p l a s t i c  m a t e r i a l  v a r i e s  g r e a t l y  
w i t h  t h e  c o n t e n t  o f  w a t e r  a n d  p l a s t i c i z i n g  a g e n t s .  
F l o c c u l a t e d  c l a y s  a r e  s t r o n g e r  t h a n  d e f l o c c u l a t e d  c l a y s .  
T e m p e r i n g  W a t e r  
T e m p e r i n g  w a t e r  i s  t h e  a m . c u n t  o f  w a t e r  n e c e s s a r y  
t o  m a k e  d r y  c l a y  p l a s t i c .  T h i s  v a r i e s  i m m e n s e l y  w i t h  
d i f f e r e n t  t y p e s  a n d  c o n d i t i o n s  o f  c l a y .  P l a s t i c  c l a y s  
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usua1ly require more water than nonplastic; and defloccu-
lated clays require less water for the sanie consistency 
than do flocculated clays. "A very plastic clay may 
need forty per cent {by weight), a non-plastic clay may 
be satisfied with twenty-five per cent." (2:35) 
.Ageing 
Ageing promotes the chemical decomposition of non-
plastic materials into plastic colloidal clay by absorption 
of water, bacterial action, and base exchange. A chemical 
reaction between colloidal particles and the surrounding 
electrolite dissolves the particles, hence a more plastic 
clay. 
11 'ale ageing of cla.y in the plastic condition has a 
remarkable effect on its plasticity. 'al.is is especially 
true in the cases of weakly plastic. • • Artificial 
pottery bodies containing a large per cent of non-plastic 
material such as feldspar and flint, the fresh body will 
be difficult to work without tearing and cracking. 'ale 
aged body will be tougher and smoother, will flow more 
easily under tool and will give less cracking." (23:87-8} 
Tendency to laminate 
Lamination is failure of clay surfaces to blend 
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t o g e t h e r .  M o d e l i n g  a n d  t h r o w i n g  c l a y s  w i l l  h a v e  l a m i -
n a t i o n s  a l o n g  t h e  w i r e  c u t s  i f  t h e  c l a y  i s  o f  a  t y p e  
w h i c h  d o e s  n o t  r e a d i l y  b l e n d  o n  c o n t a c t .  
L a m i n a t i o n s  a r e  m o r e  c o m m o n  i n  l e s s  p l a s t i c  c l a y s  
a n d  c l a y  t h a t  h a s  b e e n  w e d g e d  a  l i t t l e  d r y .  I n  t h r o w n  
p i e c e s  l a m i n a t i o n s  w i l l  c a u s e  c o m p l e t e  l o s s  o f  t h e  p i e c e  
d u e  t o  t e a r i n g  o r  f a i l u r e  o f  t h e  c l a y  t o  f o r m  s m o o t h l y .  
A i r  b u b b l e s  i n  t h r o w n  p i e c e s  a r e  u s u a l l y  c a u g h t  b e t w e e n  
l a m i n a t i o n s .  T h e s e ,  o f  c o u r s e ,  r u i n  t h e  w a r e .  I f  
l a m i n a t i o n s  a r e  n o t  d e t e c t e d  d u r 1 n g  t h e  f  o : r m i n g  p r o c e s s ,  
t h e y  m a y  s h o w  u p  a s  c r a c k s  o n  d r y i n g  o r  f i r i n g .  
D r y  P r o p e r t i e s  o f  C l a y  
D r y i n g  S h r i n k a g e  
M o i s t  c l a y s  c o n t a i n  c o n s i d e r a b l e  w a t e r  i n  t h e  p o r e s  
a r o u n d  a n d  b e t w e e n  t h e  c l a y  p a r t i c l e s .  ' W h e n  c l a y  d r i e s ,  
t h i s  w a t e r  m u s t  b e  c o n d u c t e d  t o  t h e  s u r f a c e  a . n d  r e m o v e d  
b y  e v a p o r a t i o n .  P l a s t i c  c l a y s  d r y  s l o w l y  b e c a u s e  o f  f i n e  
p o r e  s p a c e  a n d  s l o w  c o n d u c t i v i t y  o f  w a t e r .  D r y 1 n g  m a y  
b e  s p e e d e d  b y  h e a t ,  r e d u c e d  h u m i d i t y ,  a i r  c i r c u l a t i o n ,  
o r  a  c o n t r o l l e d  c o m b i n a t i o n .  C l a y s  w h i c h  d r y  s l o w l y  c a . n  
b e  i m p r o v e d  b y  t h e  a d d i t i o n  o f  a .  n o n - p l a s t i c  c l a y ,  
b e n t o n i t e  o r  f l i n t .  U n e v e n  d r y i n g  a n d  e x c e s s i v e  s h r i n k a g e  
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tend to cause warping of dry ware. When the process of 
drying is too rapid, the outer surface dries and shrinks 
causing cracks. Clays 'Which have a high degree of 
shrinkage may be blended with clays of a low degree of 
shrinkage arid the product will be highly satisfactory. 
Shrinkage Water and 1ore Water 
Shrinkage water is the water that is driven off 
during the firing of the clay. Pore water is that 
water which adheres to the grains of clay even though 
the cl037' is air-dried. Heating above the boiling point 
removes pore water. 
Dry Strength 
Dry strength is dependent principal!y upon the 
alumina content; consequently, most highly plastic clays 
are strong clays. Some of the strength of the plastic 
clay can be sacrificed in order to improve drying quali-
ties and workability by the addition of non-plastic 
materials or the blending with a less plastic clay. 
Firing Properties of Clay 
Lose of Volatile Material 
Absorbed water is driven off after the temperature 
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r e a c h e s  t h e  b o i l i n g  p o i n t .  C h e m i c a l l y  c o m b i n e d  w a t e r  o f  
c h r y s t a l i z a t i o n  i s  d r i v e n  o f f  b e t w e e n  " 4 0 0  a n d  ? o o o  C . " .  
( 2 2 : 2 7 )  A t  t h e  s a m e  t i m e ,  t h e  s u l p h u r  a n d  t h e  o r g a n i c  
m a t t e r  a r e  b u r n e d  o u t  a n d  c a r b o n  d i o x i d e  i s  l i b e r a t e d  
f r o m  t h e  c a r b o n a t e s .  
I n c i p i e n t  F u s i o n  
I n c i p i e n t  f u s i o n  i s  t h e  : p h e D o m e n o n  w h e r e  a  m i x t u r e  
o f  t w o  o r  m o r e  r e f r a c t o r y  m a t e r i a l s  m e l t  a t  a  m u c h  l o w e r  
t e m p e r a t u r e  t h a n  t h e y  w o u l d  a l o n e .  ' ? h i s ,  p l u s  t h e  n a t u r a l  
l o w  m e l t i n g  f l u x e s ,  p r o m o t e s  v i t r i f i c a t i o n  a t  a  m u c h  
l o w e r  t e m p e r a t u r e  t h a n  w o u l d  b e  p o s s i b l e  o t h e r w i s e .  
V i t r i f i c a t i o n  a n d  F u s i o n  
" A s  t h e  t e m p e r a t u r e  i s  r a i s e d ,  m o r e  o f  t h e  c l a y  
m a t e r i a l  i s  f u s e d  u n t i l ,  w i t h o u t  l o s s  o f  s h a p e ,  n e a r l y  
a l l  o f  t h e  p o r e  s p a c e  b e t w e e n  t h e  f u s e d  g r a i n s  i s  f i l l e d  
w i t h  t h e  v i s c o u s ,  s e m i m o l t e n  m a t t e r . "  ( 2 2 : 2 8 )  F u s i o n  
o c c u r s  w h e n  f i r i n g  i s  c o n t i n u e d  u n t i l  t h e  e n t i r e  b o d y  
b e c o m e s  v i s c o u s .  C o m p l e t e  v i t r i f i c a t i o n  i s  n o t  n e c e s s a r y  
o n  a l l  p o t t e r y  w a r e  i f  g l a z e s  a r e  t o  b e  u s e d .  
V i t r i f i c a t i o n  R a n g e  
T h e  v i t r i f i c a t i o n  r a n g e  i s  t h e  t e m p e r a t u r e s  b e t w e e n  
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which satisfactory wares can be fired and still hold 
glazes and not lose shape due to fusion. The addition 
of silica increases the range; an excess of lime reduces 
it to a point where vitrification and fusion take place 
at almost the same temperature. 
Fired Shrinkage 
Shrinkage from firing is caused by the l.oss of 
chemical water and by the filling of pore space with 
viscous material. 
Porosity 
Vitrification and shrinkage fill most of the pore 
space and make the ware water-tight. If the ware is 
to be glazed, there should be some porosity in order 
to absorb the glaze. If the vitrification has failed 
to mature, and porosity is more than ten per cent, glazea 
may craze. 
Color 
The color of fired ware depends primarily upon the 
presence or absence of iron compounds. Different firing 
temperatures will give different colors because of the 
formation of different iron compounds. Red colors are 
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c h a r a c t e r i s t i c  o f  i r o n  o x i d e .  B l a c k e n e d  c o l o r s  i n d i c a t e  
o v e r - f i r i n g .  
S t r e n g t h  a n d  H a r d n e s s  
" T h e  t e n s i l e  s t r e n g t h  a n d  h a r d n e s s  o f  w a r e  v a r i e s  
w i t h  t h e  c l a y  u s e d  a n d  w i t h  t h e  a . m o u n t  o f  v i t r i f i c a t i o n  
p r o d u c e d .  •  •  T h e  c o m p o s i t i o n  o f  t h e  c l a y ,  w h i c h  g o v e r n s  
t h e  k i n d  o f  c o m p l e x  s i l i c a s  f o r m i n g  t h e  g l a s s y  c e m e n t ,  
d e t e r m i n e s  t h e  t o u g h n e s s  o f  t h e  w a r e .  S o m e  c l a y  p r o d u c t s  
a r e  u s e d  s o f t  a n d  p o r o u s ,  b u t ,  i n  g e n e r a l ,  t h e  h a r d e r  
t h e  w a r e  w i t h o u t  b e c o m i n g  b r i t t l e ,  t h e  m o r e  d e s i r a b l e  
i t  i s  f o r  m o s t  p u r p o s e s . "  ( 8 : 3 0 )  
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Chapter III 
HOW TO LOCATE, EXPLORE, AND FIELD TEST CLAY DEPOSITS 
Location and Exploration of Clay Deposits 
Prospecting for clay is like prospecting for other 
minerals; it is much easier and more efficient when one 
knows ~hat to look for. 
Sedimentary Deposits 
Deposits laid down in water will have bedding or 
layers; this may show as layers of bolders, gravel, sand, 
and clay. Layers will vary in thickness from a fraction 
of an inch to yards. Each layer warrents investigation 
unless it is obvious that it is sandstone or bolders. 
Some clay may be found associated with fairly large 
rocks if the decomposition process has altered the 
surrounding material. 
There may be a definite cycle of bolders, gravel, 
sand, and clay layers if the deposit was laid down by a 
stream, along its banks or where it emptied into a lake. 
High water carries heavy materials and as the flow sub-
sided, lighter a.nd lighter materials were deposited 
until only the lightest materials reached the still 
water. Silt and clay settle out in the still water. 
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W h e r e  t h e r e  h a s  b e e n  s u c h  a  c y c l e ,  l o o k  u p  a n d  d o w n  t h e  
f a c e  o f  t h e  d e p o s i t  f o r  t h e  n e x t  c l a y  l a y e r  i n  t h e  n e x t  
c h a r a c t e r i s t i c  c y c l e .  
C l a y  t h i c k n e s s  w i l l  v a r y  f r o m  o n e  c y c l e  t o  a n o t h e r  
b e c a u s e  o f  v a r i a t i o n s  i n  t h e  f l o w  o f  w a t e r .  L a y e r s  m a y  
" p i n c h  o u t "  t o  h a i r l i n e s  o r  d i s a p p e a r  c o m p l e t e l y .  I t  
w i l l  b e  w o r t h w h i l e  t o  f o l l o w  t h e  n e x t  l a y e r  a b o v e  o r  
b e l o w  a n d  c h e c k  f o r  a  r e o c c u r a n c e  o f  t h e  c l a y .  
S o m e  d e p o s i t s  a r e  f a u l t e d  ( c r a c k e d ) ;  o n e  o r  m o r e  
a r e a s  h a v e  r i s e n  o r  f a l l e n ,  s o m e t i m e s  o n l y  a  f e w  i n c h e s  
a n d  a t  o t h e r  t i m e s  y a r d s .  S o m e  d e p o s i t s  w i l l  h a v e  f a u l t s  
e v e r y  f o o t  o r  s o ;  t h i s  m a y  m a k e  t r a c i n g  d i f f i c u l t  i f  t h e r e  
i s  m u c h  d i f f e r e n c e  i n  t h e  l e v e l s .  S t a i n s  o r  s p e c i a l  
t e x t u r e s  o f  s o m e  l a y e r s  a r e  a  h e l p  i n  l o c a t i n g  t h e  n e w  
p o s i t i o n  o f  t h e  o n e  b e i n g  f o l l o w e d .  
S o m e  d e p o s i t s  w i l l  v a r y  f r o m  s a n d  t o  s i l t  o r  c l a y  
s e v e r a l  t i m e s  i n  a n  i n c h .  T h i s  t y p e  o f  d e p o s i t  s h o u l d  
b e  t e s t e d  i n  s e v e r a l  p l a c e s  d u e  t o  p o s s i b l e  v a r i a t i o n s  
i n  q u a l i t y .  D o  n o t  o v e r l o o k  e v e n  s m a l l  l a y e r s  o f  t h i s  
t y p e  t h a t  s h o w  c l a y  p r o p e r t i e s ,  b e c a u s e  t h e  e x c e s s  s a n d  
c a n  b e  r e m o v e d  b y  m a k i n g  a  t h i n  s l i p  a n d  a l l o w i n g  t h e  
s a n d  t o  s e t t l e .  S o m e  0 1 ·  t h e s e  c l a y s  m a y  m a k e  e x c e l l e n t  
b o d i e s  b y  u s i n g  r u n - o f - t h e - p i t  m a t e r i a l .  I f  t h e  c l a y  
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is very plastic, sand will be needed to correct shrinkage 
and improve working properties. 
Subsoil and Soft Earth Deposits 
Some subsoils have a good clay composition because 
the action of organic acids and rain water is considerably 
faster here than further down. Post holes, basements, 
irrigation ditches, washes, and leveling operations may 
reveal subsoil clay. Check the soil in and directly 
below the grass roots in all deposits because even though 
most of the other material is not decomposed enough to 
be used, the subsoil may be a good clay. 
Dirt banks should be checked by digging out moist 
dirt; make a ball of it, then see how it feels. If the 
dry portions of the exposure are hard dried mud, this 
may indicate that plastic clay is somewhere in the bank; 
see if it will polish. 
Some clays do not wash as easily as other material, 
so check the sides and bottom of new cuts in creeks, 
ditches, and where water runs down the side of a road 
cut or bank for places where there has been resistance 
to the smooth cutting action of water; some clay will 
show little resistance to high-water erosion but will 
account for small water falls in a normal flow. If this 
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c l a y  i s  mois~, ~ake a  b a l l  o f  i t  t o  c h e c k  t h e  p l a s t i c i t y ;  
i f  d r y ,  t h e r e  m a y  b e  t h e  c h a r a c t e r i s t i c  c r a c k s  o f  a  
p l a s t i c  c l a y .  T r y  t o  p o l i s h  a  d r y  p i e c e ;  t h e n  d i g  o u t  
s o m e  m o i s t  c l a y  a n d  c h e c k  i t .  
S h a l e  D e p o s i t s  
S o m e  e x p o s u r e s  w i l l  h a v e  s h a l e  w h i c h  i s  a  c o m p r e s s e d  
f o r m  o f  s i l t ,  s a n d ,  c l a y ,  f o s s i l  l e a v e s ,  a n d  s m a l l  g r a v e l .  
S h a l e s  v a r y  i n  h a r d n e s s  f r o m  m a t e r i a l  t h a t  c a n  b e  e a s i l y  
c u t  w i t h  a  k n i f e  t o  o n e s  t h a t  c a n  h a r d l y  b e  s c r a t c h e d .  
S h a l e s  u s u a l l y  a r e  f i n e  g r a i n e d ,  a n d  a r e  i n  l a y e r s  w i t h  
s a n d s t o n e  o r  a l o n e .  S o m e  a r e  s m o o t h  a n d  f r a c t u r e d  
v e r t i c a l l y ;  o t h e r s  a r e  f r a c t u r e d  b o t h  v e r t i c a l l y  a n d  
h o r i z o n t a l l y  a l o n g  t h e  b e d d i n g  m a r k i n g s .  M a n y  s h a l e s  
w i l l  c r a c k  o p e n  w h e n  d r y  a n d  c a n  b e  e a s i l y  s p l i t  w i t h  
a  k n i f e .  
S o m e  s o f t  s h a l e s  w i l l  s h o w  c l a y  p r o p e r t i e s  a n d  c a n  
b e  u s e d ;  h o w e v e r ,  i f  t h e  s h a l e  d o e s  n o t  d i s i n t e g r a t e  
a f t e r  s e v e r a l  d a y s  i n  w a t e r ,  t h e  a d d e d  w o r k  o f  g r i n d i n g  
o r  w o r k i n g  i n t o  s u i t a b l e  f i n e n e s s  m a y  r u l e  o u t  t h e  u s e  
o f  e v e n  a  g o o d  q u a l i t y  s h a l e .  i h e r e f o r e ,  c h e c k  s h a l e s  
f o r  t h e  u s u a l  c l a y  p r o p e r t i e s  a n d  t h e n  p u t  a  d r y  p i e c e  
i n  s o m e  w a t e r  t o  s e e  h o w  r e a d i l y  i t  d i s i n t e g r a t e s .  
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Check the disintegrated material from the shales in the 
deposit as a clue to their possibilities. Check all the 
layers of a shale outcrop and especially those layers 
that have weathered more than the others; some of these 
may be covered by debris from the layers above. Shales 
often contain fossil leaves which may be of interest to 
a geologist or, at least, as specimens for science classes. 
Color 
Color is a distinguishing factor in some localities 
where there is a characteristic iron-yellow or orange-red 
or dark color due to carbon content. 
Spot Check 
At the base of high banks there is usually an assort-
ment of material which has broken loose from different 
portions of the bank. If the fine material has clay 
characteristics, further investigation is imperative. 
Clay materials can usually be traced to their source by 
characteristic colors or textures. '.Ihe investigations 
of this type are especially valuable when there is only 
time for a short stop, or a thorough investigation of 
the face of the cut is not practical at the time. Enough 
evidence may be gained by this method to warrent an 
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e x c u r s i o n  f o r  a n  e x p l o r a t i o n  p a r t y .  
A f t e r  a  f i e l d  t r i p ,  s a m p l e s  o f  c l a y  s h o u l d  f l o o d  i n  
f r o m  a l l  p a r t s  o f  t h e  c o m m u n i t y .  N o w  t h e  p r o b l e m  w i l l  
b e  w h i c h  p l a c e  t o  c h e c k  n e x t ,  f o r  t h e r e  i s  l i t t l e  t h a t  
c a n  e s c a p e  t h e  e y e  o f  a  b o y  w h o  k n o w s  w h a t  h e  i s  l o o k i n g  
f o r .  
F i e l d  T e s t s :  H o w  t o  D e t e r m i n e  t h e  P r e s e n c e  o f  C l a y  
l .  T a k e  a  b a l l  o f  t h e  m o i s t  m a t e r i a l  i n  t h e  h a n d  
a n d  c h e c k  i t  f o r  p l a s t i c  q u a l i t i e s .  P l a s t i c  c l a y  w i l l  
s t i c k  t o g e t h e r  a n d  c a n  b e  w o r k e d  i n t o  d i f f e r e n t  s h a p e s  
w i t h o u t  c r a c k s  d e v e l o p i n g .  S p r i n k l e  a  l i t t l e  w a t e r  o n  
t h e  b a l l ;  p l a s t i c  c l a y  w i l l  m a k e  a  m u d d y  s l i c k  s u r f a c e  
w h e n  r u b b e d  a n d  t h e  b o d y  o f  t h e  b a l l  s h o u l d  r e m a i n  
f a i r l y  s o l i d .  
2 .  T a k e  a  s m a l l  p i e c e  o f  t h e  m o i s t  m a t e r i a l  a n d  
r u b  i t  b e t w e e n  t h e  f i n g e r s ;  c l a y s  w i l l  p o l i s h  a n d  f e e l  
s l i c k .  
3 .  D r y  c l a y  i s  f a i r l y  h a r d  a n d  r e t a i n s  i t s  w e t  
s h a p e .  
4 .  W h e n  d r y  c l a y  o r  c l a y  s h a l e  i s  r u b b e d  w i t h  t h e  
f i n g e r s  i t  w i l l  p o l i s h .  
5 .  T o  d i s t i n g u i s h  c l a y  f r o m  r o c k  f l o u r  a n d  s a n d y  
s i l t ,  p l a c e  a  d r o p  o f  w a t e r  o n  t h e  h a r d e n e d  s u r f a c e  a n d  
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rub. Clay will be shined; the others will be dull or 
part of the material will be rubbed off. 
6. The texture of the clay material can be checked 
by cutting a piece of the plastic or dry clay and then 
scraping with a knife. A gritty sound will indicate some 
sandy material which may be seen as well. If there is 
no indication of grit, place a very small piece of the 
clay between the front teeth and check for grit. Lack 
of grit will indicate very fine grain size. 
7. A fine grained clay will produce polished chips 
when whittled with a knife, either moist or dry. 
s. To check the clay for slacking or the ability 
to disintegrate in the water, place several small pieces 
in some water and see if they will disintegrate. Dry 
clay absorbs water much faster than moist clay. Some 
may take hours to disintegrate but will make good clay. 
9. Sandy clays can be easily tested for the amount 
of plastic clay. Work up a teaspoonfull of the material 
in the palm of the hand to a smooth muddy consistency, 
then place the clay in a test tube. Fill the test tube 
almost full of water and shake until the sample has 
disintegrated; then add several drops of vinegar or 
dilute hydrochloric acid, and set the tube aside for 
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f i v e  o r  t e n  m i n u t e s  t o  s e t t l e .  A  v i s u a l  e x a m i n a t i o n  w i l l  
s h o w  r e l a t i v e  p r o p o r t i o n s  o f  c l a y  t o  s a n d .  D e f i n i t e  
p a t t e r n s  o f  c o m p a r i s o n  s h o u l d  b e  w o r k e d  o u t  w i t h  c l a y s  
o f  k n o w n  w o r k i n g  , u a l i t i e s  p r e v i o u s  t o  f i e l d  t e s t s .  
' . l h e s e  t e s t s  a r e  n o t  i n f a l l i b l e .  T h e y  a r e  o n l y  i n -
d i c a t i o n s  o n e  w a y  o r  t h e  o t h e r  a n d  i f  t h e r e  i s  a n y  q u e s t i o n .  
l a b o r a t o r y  t e s t s  s h o u l d  b e  m a d e .  T e s t s  w i l l  n e e d  t o  b e  
v a r i e d  a n d  r e v i s e d  t o  f i t  c h a n g e s  i n  t o p o g r a p h y .  
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Chapter J.V 
SAMPLING AND PROCESSING OF SAMPLE MATERIALS 
Selection of Samples 
The samples should be as uniform a representation 
of the specific portion of the deposit as possible. 
Therefore, do not pick out the best looking material for 
samples if the clay which will later be used will have 
to include other qualities of material. 
Accurate records should be kept on each sample as 
to location, tests made, and conclusions. The sight 
should be marked with stakes or some other easy-to-find 
mark. 
The quantity of the sample will depend partially 
upon the location of the deposit. If the deposit is 
located in an inaccessible or distant place, a quantity 
large enough for production should be taken if possible. 
If it is convenient to return to the site, only enough 
to warrent ample quantity and uniformity should be taken. 
The quantity will then depend upon what purpose the clay 
was intended and how extensive the testing was to be. 
'When taking the test material from the deposit, make 
sure to include only material originating at the specific 
area of interest. 
3l. 
I f  s l a c k i n g  t e s t s  h a v e  s h o \ o m  t h a t  t h e  c l a y  e a s i l y  
d i s i n t e g r a t e s  i n  w a t e r ,  t h e r e  w i l l  b e  l i t t l e  d i f f e r e n c e  
a s  t o  w h e t h e r  m o i s t  o r  d r y  s a m p l e s  a r e  t a . k e n  a s  t h e  
p r o b l e m  o f  m a k i n g  a  s l i p  w i l l  n o t  b e  g r e a t .  I f  t h e  
s l a c k i n g  t e s t  s h o w s  t h a t  d i s i n t e g r a t i o n  i s  d i f f i c u l t  
o r  t h a t  f u r t h e r  p r o c e s s i n g  i s  n e e d e d ,  t a k e  d r y  s a m p l e s  
i f  p o s s i b l e  b e c a u s e  d r y  m a t e r i a l s  d i s i n t e g r a t e  f a s t e r  
t h a n  m o i s t  o n e s ;  a l s o ,  c r u s h i n g  a n d  g r i n d i n g  w i l l  b e  
e a s i e r .  
D i v i s i o n  o f  S a m p l e s  
1 .  A n  a m p l e  q u a n t i t y  o f  t h e  s a m p l e d  m a t e r i a l  s h o u l d  
b e  p r o c e s s e d  t o  p r o v i d e  s u f f i c i e n t  m a t e r i a l  f o r  a l l  
t e s t i n g .  
2 .  I f  t h e  e n t i r e  s a m p l e  i s  n o t  b e i n g  u s e d ,  t h e  
m a t e r i a l  s h o u l d  b e  d i v i d e d  i n  s u c h  a  w a y  a s  t o  h a v e  a  
r e p r e s e n t a t i v e  q u a l i t y  w h i c h  w i l l  r e f l e c t  t h e  p r o p e r t i e s  
o f  t h e  s a m p l e d  a r e a .  T h i s  m a y  b e  d o n e  b y  q u a r t e r i n g .  
3 .  P u t  a l l  t h e  s a m p l e d  m a t e r i a l  o n  a  t a b l e  o r  f l o o r  
w h e r e  i t  w i l l  n o t  b e  c o n t a m i n a t e d  w i t h  o t h e r  m a t e r i a l s  
o r  l o s e  a r z y  o f  i t s  o \ o m .  R e m o v e  t h e  r o o t s ,  s t i c k s ,  r o c k s ,  
a n d  o t h e r  o b v i o u s  i m p u r i t i e s .  
4 .  B r e a k  u p  a n y  c h u n k s ,  t h e n  s t i r  t h e  m a t e r i a l  
t h o r o u g h l y .  
3 2  
5. Divide the quantity in half and place one half 
in a container for future use. If the quantity remain-
ing is still more than needed, stir the material and 
divide it again. Place half in storage container and 
process the other. This will assure that if future 
tests need to be made, the sample will be uniform. 
Procedure for Slury or Slip Method of Preparation 
Materials Needed 
Two galvanized pails or five-gallon buckets, depend-
ing on quantity of sample; one sieve, one-quarter inch 
hardware cloth; one sieve, small mesh -- mosquito screen, 
or, better, forty to sixty mesh brass screen; for grind-
ing, a canvas sa.ck or old grist mill or ss.usage grinder; 
for mixing, a power drill mixer, or small cement mixer 
for large c;.uanti ties. 
Procedure 
Mi~ing wet clax. If the clay is wet, it may be dried 
and ground or put directly in water and mixed or allowed 
to soak for some time before mixing. 
Grinding. If the cls.y is dry, crush it so thc~t it 
will go through the quarter-inch mesh (that is, if slack-
ing tests show that mc:.terial of qu£•,rter-inch size will 
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d i s i n t e g r a t e  e a s i l y ) .  I f  a  m e t h o d  o f  g r i n d i n g  i s  a v a i l -
a b l e ,  t h e  h a r d  l u m p s  m a y  b e  g r o u n d ;  i f  n o t ,  t h e  c l a y  m a y  
b e  p l a c e d  i n  a  c l o t h  o r  c a n v a s  s a c k  ( t h e  o i l  f r o m  t h e  
l i n t  o f  a  g u n n y  s a c k  m i g h t  c o n t a m i n a t e  t h e  c l a y ) ,  t i e d ,  
a n d  s t o m p e d  t o  b r e a k  u p  t h e  l u m p s .  T h e n  s i f t  t h e  
m a t e r i a l  t h r o u g h  t h e  q u a r t e r - i n c h  m e s h  s c r e e n .  P i c k  o u t  
a . n y  r o c k s  o r  o t h e r  d e b r i s  a n d  p l a o  e  t h e  u n c r u s h e d  c l a y  
b a c k  i n  t h e  s a c k  a n d  s t o m p  i t  a g a i n .  
S l a c k i n g .  P o u r  a  c u p  o f  w a t e r  f o r  e v e r y  p o u n d  o f  
c l a y  i n t o  o n e  o f  t h e  b u c k e t s ,  t h e n  p o u r  t h e  c l a y  i n  s l o w l y  
a n d  l e t  i t  m o u n d  u p  a b o v e  t h e  w a t e r .  S e t  i t  a s i d e  t o  
s o a k  o v e r n i g h t .  
M i x i n g .  T h e n  c h e c k  t o  s e e  i f  t h e  l u m p s  a r e  d i s i n t e -
g r a t e d .  I f  m o s t  o f  t h e m  a r e ,  t h e  s l i p  c a n  b e  w o r k e d  b y  
h a n d  o r  w i t h  a  m i x e r ;  w a t e r  m a y  n e e d  t o  b e  a d d e d .  t o  b r i n g  
t h e  s l i p  t o  a  w h i p p i n g  c r e a m  c o n s i s t e n c y .  
S c r e e n i n g .  P o u r  t h e  s l i p  t h r o u g h  t h e  f i n e  s c r e e n  
i n t o  a  c o n t a i n e r .  D o  n o t  r u b  t h e  s l i p  t h r o u g h ;  t h i s  
w o u l d  f i l l  u p  t h e  m e s h .  I f  t h e  s l i p  i s  a  l i t t l e  t h i c k  
t o  g o  t h r o u g h  t h e  s c r e e n ,  m i x  a  l i t t l e  m o r e  w a t e r  w i t h  
i t .  
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Ageing. Clays usually improve with age, so if the 
slip is not needed immediately, cover it and set it aside. 
The water which has accumulated on top can be drained 
off before it is used. Siphon it off or pour it off 
carefully. 
Dewatering. When clay is needed immediately, a 
quantity for test strips can easily be obtained by pour-
ing clay in plaster bats or molds a.nd then pour it back 
into the container. The ~11n layer of clay left on the 
plaster will be dewatered within a short time. For de-
watering of a quantity, pour the slip into dewatering 
bats or casts and leave it until it is of a working 
consistency. 
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C h a p t e r  V  
T E S T S ,  C O N C L U S I O N S ,  A N D  M E T H O D S  O F  l M P R O V I N G  Q . U A L I T I E S  
N o w  t h a t  t h e  c l a y  i s  i n  a  w o r k a b J : e  m  n d i  t i o n ,  t h e r e  
i s  g r e a t  t e m p t a t i o n  t o  m a k e  s o m e t h i n g  o u t  o f  i t .  T h e r e  
a r e  s e v e r a l  d i f f e r e n t  a p p r o a c h e s  d e p e n d i n g  u p o n  t h e  
d e s i r e d  u s e  o f  t h e  c l a y .  
T h e r e  s e e m s  t o  b e  l i t t l e  d i f f e r e n c e  a s  t o  w h e t h e r  
f i r e d  c h a r a c t e r i s t i c s  o r  w o r k a b i l i t y  i s  c h e c k e d  f i r s t ,  
f o r  i f  t h e  f i r s t  t e s t  s h o w s  s a t i s f ' a . c t o r y  a n d  t h e  s e c o n d  
d o e s  n o t ,  t h e  f i r s t  w i l l  h a v e  t o  b e  r u n  a g a i n  a f t e r  
a d d i t i o n s  h a v e  b e e n  m a d e ,  i n  o r d e r  t o  s a t i s f y  t h e  s e c o n d  
d e f i c i e n c y .  
H o w e v e r ,  i t  m a y  b e  m o r e  o o  n v e n i e n t  t o  c h e c k  t h e  c l a y  
f o r  u s a b i l i t y  f i r s t  b e c a u s e  o f  t h e  d i f f e r e n c e  i n  t i m e  
i n v o l v e d .  I t  i s  i n a d v i s a b l e ,  h o w e v e r ,  t o  m a k e  s e v e r a l  
n i c e  p i e c e s  a n d  t h e n  r u n  t h e  c h a n c e  o f  h a v i n g  n o  g l a z e s  
t h a t  w i l l  f i t  t h e m .  
C h e c k  W o r k i n g  Q . u a l i t i e s  
A  s m a l l  b o w l  o r  v a s e  c o u l d  b e  m a d e  o n  t h e  w h e e l  t o  
c h e c k  t h e  t h r o w i n g  q u a l i t i e s  s u c h  a s  p l a s t i c i t y ,  r e s i s t a n c e  
t o  c e n t e r i n g ,  a b s o r p t i o n  o f  w a t e r ,  a n d  s t r e n g t h .  T h e  
t e s t  p i e c e  s h o u l d  b e  m a d e  q u i t e  t h i c k  a t  t h e  b o t t o m  a n d  
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thin at the top. Its drying characteristics will 
indicate what is to be expected if the clay is used 
straight from the pit. {See page 19.) 
Or if the clay is to be used for modeling or slip, 
make a preliminary test to see if the charact( ristics 
are satisfactory. {See page 49 for char;s.cteristics of 
good slip clay.) 
Shrinkage, Warpage, and Glaze Test 
One of the most important charactc rist1cs to be 
tE:sted is the shrinkage due to drying and firing. If 
shrinkage is considerable {over ten per cent) dangers 
of wc-:,,rping and era.eking J.nerease rapidly. Also, high 
shrinkage makes an undesirable difference between wet 
size and fired size of the ware. Shrinkage is also a 
very good indication as to what ingredients need to be 
added to improve the clay. Ve-ry high shrinkage will 
indicate plasticity and fineness of grain, and usually 
relatively low vitrification. Addition of flint, grog, 
talc, or a refractory type clay will improve shrinkc:ge 
qualities. Those of low shrinkage usually contain 
considerable quantities of sands. These may not be of 
a desired plasticity and will reQuire addition of ball 
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c l a y  o r  b e n t o n i t e .  L o w  s h r i n k a g e  u s u a l l y  i n d i c a t e s  a  
c l a y  w h i c h  w i l l  b e  e a s y  t o  f i t  w i t h  g l a z e s  w h e n  v i t r i f i e d .  
E q u i p : n e n t  N e e d e d  
T w o  s t i c k s  o n e - q u a r t e r  i n c h  t h i c k  a n d  s i x  t o  t w e l v e  
i n c h e s  l o n g ;  p a p e r ;  r o l l i n g  p i n  o r  l a r g e  d o w e l ;  k n i f e  o r  
s p a t u l a ;  a n d  a  r u l e r  w i t h  c e n t i m e t e r  s c a l e .  
P r o c e d u r e  f o r  M a k i n g  
S h r i n k a g e ,  W a r p a g e ,  a n d  G l a z e  T e s t  S t r i p s  
1 .  W e d g e  a n d  k n e a d  t h e  s a m p l e  u n t i l  i t  i s  o f  a  g o o d  
m o d e l i n g  c l a y  c o n s i s t e n c y .  R o l l  i t  i n t o  a  l o n g  c o l u m n  
a b o u t  a n  i n c h  t h i c k .  C u t  o f f  a b o u t  s i x  i n c h e s .  
2 .  P l a c e  t h e  p a p e r  o n  a  s m o o t h  s u r f a c e  a n d  l a y  t h e  
s t i c k s  o n  e i t h e r  s i d e  o f  i t ,  p l a c i n g  t h e  s i x  i n c h e s  o f  
r o l l e d  c l a y  b e t w e e n  t h e  s t i c k s .  T h e n  r o l l  i t  d o w n  t o  a n  
e v e n  q u a r t e r - i n c h  t h i c k n e s s ,  t h e  u s u a l  t h i c k n e s s  o f  t h e  
w a r e .  
3 .  C u t  o u t  a  s t r i p  a b o u t  a n  i n c h  a n d  a  h a l f  i n  w i d t h  
a n d  t h e  l e n g t h  o f  t h e  c l a y .  S q u a r e  u p  o n e  e n d  w i t h  a  
k n i f e  a n d  m e a s u r e  t w e l v e  c e n t i m e t e r s  f r o m  t h e  e n d ,  a n d  
c u t  i t  s q u a r e .  M e a s u r e  i n  o n e  c e n t i m e t e r  f r o m  o n e  e n d  
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and make a mark with the knife edge. Measure accurately 
ten centimeters and mark it again. 
4. With a pencil, scratch in the number or other 
record information in one end of the clay strip. Always 
make a complete record of numbers and symbols which are 
used to designate different clays and mixes. 
5. For accuracy, at least two test strips of each 
clay should be made for each firing temperature. 
6. With the surplus cut from the ends, mark off 
lengths of two inches and square them up. Then make a 
hole with a pencil about a quarter of an inch from one 
end and centered. These pieces are to be used for glaze 
testing bars if the shrinkage shows e, good q_uali ty clay. 
'fuey will be dried and fired with the shrinkD_ge tests. 
7. Lay the test strips aside on the paper and in a 
few hours turn the test strips over and place across two 
sticks. Check them later and if they have warped some, 
tturn them over again. After several days of drying, 
check their dryness by placing against the cheek or the 
back of the hand. If they still feel cool, it indicates 
that they are not thoroughly dry. 
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P r o c e d u r e  f o r  M a k i n g  W a r p a g e  ( S a g )  T e s t  S t r i p s  
M a k e  a  s t r i p  s i m i l a r  t o  t h e  t e s t  s t r i p ,  b u t  s i x  
t o  e i g h t  i n c h e s  l o n g .  D r y  i n  t h e  s a m e  m a n n e r  a n d  r e c o r d  
a n y  w a r p a g e  b e f o r e  f i r i n g  s o  t h a t  t h e  d e f l e c t i o n ,  i f  a n y ,  
c a n  b e  m e a s u r e d .  
F i r e  t h e  s t r i p s  a t  t h e  s a m e  t i m e  t h e  o t h e r  t e s t s  
a r e  b e i n g  f i r e d .  P l a c e  t h e  s u p p o r t s  a t  e a c h  e n d  s o  t h a t  
i f  t h e r e  i s  a  t e n d e n c y  t o  w a r p  o r  s a g  t h e r e  w i l l  b e  a  
m a x i m u m  s t r e s s  o n  t h e  s t r i p .  T h i s  t e s t  w i l l  a l s o  b e  
h e l p f u l  i n  d e t e r m i n i n g  s t r e n g t h  o f  t h e  c l a y  a t  d i f f e r e n t  
d e g r e e s  o f  v i t r i f i c a t i o n .  I f  t h e  s t r i p  s h o u l d  s a g  
n o t i c a b l y ,  i t  i s  o v e r f i r e d .  
P r o c e d u r e  f o r  M a k i n g  
C o m b i n a t i o n  S h r i n k a g e ,  W a r p a g e ,  a n d  G l a z e  T e s t  S t r i p s  
\ t i h e n  f i r i n g  a t  s e v e r a l  t e m p e r a t u r e s ,  a  c o n s i d e r a b l e  
a m o u n t  o f  c l a y  a n d  t i m e  c a n  b e  s a v e d  b y  m a k i n g  t w o  s a g  
b a r s  f o r  e a c h  f i r i n g  t e m p e r a t u r e ;  t h e n  m e a s u r e  a n d  m a r k  
t e n  c e n t i m e t e r s ,  a s  i n  p r o c e d u r e  f o r  t e s t  s t r i p s .  A f t e r  
f i r i n g ,  g l a z e  o n e - i n c h  b a n d s  a c r o s s  e a c h  b a r  w i t h  
d i f f e r e n t  g l a z e s  a n d  f i r e  t o  t h e  m a t u r i n g  p o i n t  o f  t h e  
g l a z e s .  
A c c u r a t e  r e c o r d s  s h o u l d  b e  k e p t  o f  a l l  s h r i n k a g e  a n d  
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fired characteristics such as color, vitrification, and 
strength. 
Firing of the Test Strips 
Teet strips and scraps should be fired in the usual 
method along with other bisque fire. 
Altering the clay to fit the firing r~. One 
method is to fire at a temperature convenient to the 
firing range of the kiln, the comm.on glaze preparation, 
and other clays which are already in use. In this case, 
if the clay does not vitrify (does not have a ring when 
struck with a pencil) or show signs of overfiring or melt-
ing, additions will have to be made to the clay. Additions 
of fluxes such as lead oxide, borax, frits, ground glass, 
feldspars, or nepheline syenite will lower the vitrifi• 
cation point. Additions of flint, grog, kaolin, or a 
sandy refractory clay will raise the fusion point and 
prevent sagging and overf iring. 
Add to samples of two hundred grams each of clay 
one, two, five, ten, and twenty-five per cent of one of 
the fluxes or refractories. 'lb.en make test strips. Fire 
and check the difference in shrinkage. Working qualities 
and glaze fit probably will be changed. 
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' ! h e  g l a z e  t e s t  s t r i p s  a n d  s c r a p s  s h o u l d  b e  f i r e d  
a l o n g  w i t h  t h e  s h r i n k a g e  t e s t s  s o  t h a t  t h e  s h r i n k a g e  
w i l l  b e  t h e  s a m e  a n d  t h e  g l a z e  c h a r a c t e r i s t i c s  w i l l  
c o r r e s p o n d  w i t h  t h e  s h r i n k a g e .  
I t  m a y  b e  m o r e  c o n v e n i e n t  a n d  l e s s  e x p e n s i v e  t o  
f i r e  t h e  c l a y  a t  a  h i g h e r  t e m p e r a t u r e  t h a n  t o  a d d  o t h e r  
i n g r e d i e n t s .  
A l t e r i n g  t h e  f i r i n g  r a n g e  t o  f i t  t h e  c l a y .  ' ! h e  
o t h e r  m e t h o d  o f  t e s t i n g  i s  t o  f i r e  t h e  t e s t  s t r i p s  a t  
v a r i o u s  t e m p e r a t u r e s ,  s u c h  a s  0 6 ,  0 4 ,  a n d  0 2 .  ' ? h i s  m a y  
f i n d  a  f i r i n g  t e m p e r a t u r e  w h e r e i n  t h e  c l a y  w i l l  n e e d  n o  
f u r t h e r  a l t e r a t i o n .  
T e s t s  f o r  V i t r i f i c a t i o n  
1 .  S c r a t c h  t h e  f i r e d  p i e c e  w i t h  a  k n i f e .  A  p o o r l y  
v i t r i f i e d  p i e c e  w i l l  s c r a t c h  e a s i l y .  A  w e l l - v i t r i f i e d  
p i e c e  w i l l  n o t  s c r a t c h  a n d  i s  s a i d  t o  b e  " s t e e l  h a r d " .  
2 .  A  w e l l - f i r e d  p i e c e  h a s  a  r i n g  w h e n  s t r u c k  w i t h  
a  p e n c i l .  D i f f e r e n t  s h a p e s ,  h o w e v e r ,  w i l l  g i v e  d i f f e r e n t  
t o n e s .  
3 .  A n  a c c u r a t e  m e t h o d  o f  m e a s u r i n g  t h e  d e g r e e  o f  
v i t r i f i c a t i o n  i s  t o  w e i g h  a c c u r a t e l y  a  f i r e d  t e s t  b a r  
a n d  t h e n  s o a k  i t  i n  w a t e r  o v e r n i g h t  a n d  w e i g h  i t  a g a i n .  
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If the percentage of water is over ten per cent, it is 
underfired. The vitrification is not reached and glazes 
would undoubtedly craze. 
4. Place a drop of water on the surface of a piece 
of fired clay. If the water is absorbed slowly, it indi-
cates adequate firing. If the water is absorbed immedi-
ately, it indicates underfiring. OVerfired pieces have 
difficulty holding glazes because of the lack of porosity 
needed to hold the glaze in place. 
5. Scraps or test strips of poorly vitrified clay 
will break easily. Well vitrified pieces require a 
hammer to break them. This is also an indication of 
strength of the ware. 
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C h a p t e r  V I  
A D A P T A T I O N  O F  G L A Z E S  T O  N E \ v  C L A Y  B O D I E S  
T e s t i n g  G l a z e s  o n  t h e  N e w  B o d y  
T h e  f i t t i n g  o f  g l a z e s  i s  n o t  a  m a t t e r  o f  h i t - o r - m i s s .  
T h e r e  i s  a  p o s s i b i l i t y  t h a t  a  n e w  c l a y  m a y  b e  f i t  w i t h  
a n  o l d  g l a z e .  I f  t h e  c l a y  s h o w s  g o o d  v i t r i f i c a t i o n  w h e n  
f i r e d ,  s e l e c t  s e v e r a l  g l a z e s  c o m m o n l y  u s e d  w h i c h  m a t u r e  
a t  t h e  s a m e  c o n e  a n d  a p p l y  t o  t h e  t e s t  s t r i p s  w i t h  a  
b r u s h .  P a t  o n  t h e  g l a z e  o n  t h e  t o p  s u r f a c e  o f  t h e  s t r i p ,  
e x c e p t  f o r  a  b a n d  a c r o s s  t h e  s t r i p  w h i c h  i n c l u d e s  t h e  
h o l e ;  o r ,  i n  t h e  c a s e  o f  t h e  c o m b i n a t i o n  t e s t  s t r i p ,  p a t  
o n  o n e - i n c h  b a n d s  a c r o s s  t h e  s t r i p .  M a r k  t h e  t e s t  s t r i p  
w i t h  a  c e r a m i c  p e n c i l  a n d  r e c o r d  t h e  d a t a .  F i r e  t h e  
s t r i p s  i n  t h e  u s u a l  m a n n e r  a n d  i n s p e c t  t h e . m  t o  s e e  i f  
a n y  g l a z e s  a p p e i . r  t o  f i t  t h e  c l a y  ( t h a t  i s ,  a  s m o o t h ,  
g l o s s y ,  o r  m a t  f i n i s h  w i t h  g o o d  t h i c k n e s s  a n d  a b s e n c e  
o f  b u b b l e s ,  c r a z i n g  o r  c r a w l i n g ,  e t c . ) .  S o m e  g l a z e s  w i l l  
a p p e a r  s a t i s f a c t o r y  o n  f l a t  t e s t s ,  b u t  m a y  f l o w  o r  c r a w l  
o n  p e r p e n d i c u l a r  w a r e .  
T h e  p r o b l e m  o f  i m p r o v i n g  t h e  f i t  m a y  b e  m e t  i n  o n e  o f  
t w o  w a y s ,  a l t e r i n g  t h e  c l a y  o r  a l t e r i n g  t h e  g l a z e  t o  f i t .  
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Altering the Clay to Fit the Glaze 
One way of improving the fit is to change the clay 
to fit the glaze. However, if one good glaze fits the 
clay, it would not be advisable to risk the sacrifice 
of it for the chance that another might be fit by the 
addition of other ma teri£,ls. It would then be advisable 
to adjust the glazes. 
If none of the glazes fit, the clay body can be 
varied by ~,dding refTactories or fluxes if tn1s method 
is more economical than adding to the glazes. 
Addition of silica (flint) helps to correct crazing 
by reducing the expansion. Body fluxes and ground glass 
lower the vitrification point. 'tueir cost may be prohibi· 
tive if a large percentage is required. 
The addition of refractory clays or grog will reduce 
crazing. They also add properties which may bet11desirable. 
Nepheline syenite is added to further compression 
and reduce crazing. 
Altering the Glaze to Fit the Clay 
Improvement of glaze fit can be guided by solving 
the problems indicated by defects noted in the glazes. 
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G l a z e  D e f e c t s  
O V e r f  i r i n g  
O V e r f i r e d  c r a z i n g  w i l l  s h o w  i r m n e d i a t e l y  a n d  u s u a l l y  
d o e s  n o t  i n c r e a s e  w i t h  a g e .  A  s m a l l  a m o u n t  o f  g l a z e  c a n  
b e  r u b b e d  i n t o  t h e  c r a z e s  a n d  t h e  p i e c e  f i r e d  a t  t h e  
p r o p e r  t e m p e r a t u r e .  T h e  c o e f f i c i e n t  o f  e x p a n s i o n  ( p e r  
c e n t  o f  e x p a n s i o n  p e r  d e g r e e  o f  t e m p e r a t u r e  c h a n g e )  c a n  
b e  i n c r e a s e d  b y  a d d i t i o n  o f  s i l i c a ,  b o r i c  o x i d e ,  z i n c  
o x i d e ,  m a g n e s i u m  o x i d e ,  n e p h e l i n e  s y e n i t e ,  b a r i u m  o x i d e ,  
l e a d  o x i d e , ,  t i n  o x i d e ,  a n d  z i r c o n i u m  o x i d e .  S i l i c a  i s  
t h e  m a j o r  a n t i - c r a z i n g  a g e n t  a n d  t h e  m o s t  e c o n o m i c a l .  
I t  a l s o  l o w e r s  t h e  p o r o s i t y  t o  t e n  p e r  c e n t  o r  l e s s .  
U n d e r f  i r i n g  
" T h e  b o d y  m a y  b e  u n d e r f i r e d  o r  o v e r f i r e d .  I n  t h e  
f o r m e r  c a s e ,  t h e  c r a z i n g  d o e s  n o t  a l w a y s  a p p e a r  a t  o n c e  
a n d  i t  g r o w s  w o r s e  o n  s t a n d i n g . "  ( 2 : 1 6 5 )  C r a c k s  m a y  
c h a n g e  d i r e c t i o n  w i t h o u t  m e e t i n g  o t h e r  c r a c k s .  
C r a z i n g  a n d  S h i v e r  
~zing. C r a z i n g  i s  t h e  " c r a c k l e ' '  t e x t u r e  m a d i e  u p  
o f  s m a l l  c r a c k s  i n  t h e  g l a z e  b e c a u s e  t h e  g l a z e  i s  t o o  
l i t t l e  f o r  t h e  w a r e ,  o r  " u n e q u a l  c o e f f i c i e n t s  o f  e x p a n s i o n  
o f  t h e  g l a z e  a n d  b o d y " .  ( 6 : 5 5 )  
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Shiver. Shivering, the opposite of crazing, is 
caused by the glaze being too big for the ware. It may 
peel off. The cracks are similar, but show immediately 
after the ware has been removed from the kiln. Shiver-
ing is remedied by removal of some of the silica or other 
anti-crazing agent, or by adding alumina. 
"Shivering may be due to too rapid firing and cool-
ing." (11:213) 
Crawling 
Crawling or pulling away from the ware may be caused 
by "too porous a body, too much plastic clay in the glazesf 
underf1r.J..ug, too heavy application, 11 (11:212) dirty or 
oily spots, or cracked dry glaze before firJ.ng. 
Running 
Running may be reduced by adding ball clay. Reducing 
the amount of fluxes or f1r1ng at a lower temperature will 
also help. 
Pinholes, Bubbles, and Rough Texture 
Pinholes, bubbles, and rough texture may be caused 
by underf.LrJ.ng, cool.Lng too fast, or t-ne presence of air 
or sume volatile material in the body. 
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A d a p t a t i o n  o f  g l a z e s  t o  n e w  b o d i e s  i s  a  s c i e n c e  
i n  i t s e l f .  E a c h  n e w  c l a y  m a k e s  p r o b l e m s  ~eculiar t o  
i t s e l f  a s  d o e s  e a c h  v a r i a t i o n  o f  a  g l a z e  t o  f i t  a  b o d y .  
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Chapter VII 
CHARACTERISTICS AND PREPARATION OF CASTING SLIP 
Testing of Raw Slip 
It usually would be unsatisfactory to use the slury 
as casting slip because the chance of having an ideal 
deflocculation is small. A sample might be run, however, 
just for comrarison with later treatment. 
Dilute the slip to a creamy consistency and test 
it in a small slip cast. Follow the usual procedure for 
slip casting. Note whether the slip solidifies at a 
normal rate or whether it builds up and then stops. 
If the slip builds to a satisfactory thickness in 
a reasonable time, pour the excess slip out and note the 
time required for the clay to separate from the plaster. 
Remove the plaster and check the properties with the list 
of properties of good slip clay. (See page 5~.) If it 
proves to be satisfactory, fire the piece and note its 
fired properties. 
Addition of Deflocculants 
If the slip does not prove to be satisfactory in 
its original form, pour a gallon or so into drying bats 
and then completely dry the clay. Then weigh out a pound 
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o f  t h e  d r y  c l a y ,  a d d  a  c u p  o f  w a t e r ,  a n d  s t i r  u n t i l  i t  i s  
s m o o t h .  N o w  d i s s o l v e  t w o - t e n t h s  o f  a  g r a m  o f  s o d a  a s h  i n  
a  t e a s p o o n f u l  o f  w a t e r ;  a d d  t h i s  t o  t h e  m i x t u r e  a n d  s t i r  
t h o r o u g h l y .  T h e n  a d d  t e n  d r o p s  o f  s o d i u m  s i l i c a t e  
s o l u t i o n .  A l w a y s  a d d  s o d a  a s h  f i r s t  a . n d  m i x  t h o r o u g h l y  
b e f o r e  a d d i n g  t h e  s o d i u m  s i l i c a t e  s o l u t i o n .  N o w  s t i r  
t h o r o u g h l y  a . n d  l e t  s e t  f o r  a  d a y .  I f  i t  h a s  c u r d l e d  o r  
t h i c k e n e d ,  t r y  a d d i n g  a  d r o p  o r  t w o  o f  s o d i u m  s i l i c a t e  
t o  a  c u p  o f  s l i p ;  a . n d  i f  i t  t h i n s  t o  a  g o o d  c o n s i s t e n c y ,  
a d d  a  p r o p o r t i o n a l  a m o u n t  t o  t h e  r e s t  o f  t h e  s l i p .  I f  
t h i s  h a s  n o  e f f e c t ,  a d d  w a t e r  t o  g e t  a  g o o d  c o n s i s t e n c y ,  
t h e n  f o l l o w  t h e  a f o r e m e n t i o n e d  p r o c e d u r e  f o r  c h e c k i n g  t h e  
p r o p e r t i e s  o f  t h e  s l i p .  S o m e  s l i p  w i l l  s c u m  a n d  l e a v e  
l u m p s  o n  t h e  i n s i d e  o f  t h e  m o l d .  T o  r e m e d y ,  a d d  a  t e a s p o o n  
o f  b a r i u m  c a r b o n a t e  t o  a  g a l l o n  o f  s l i p .  
D i f f e r e n t  c l a y s  w i l l  r e q u i r e  d i f f e r e n t  a . m o u n t s  o f  
d e f l o c e u l a t i n g  a g e n t s  a n d  w a t e r  b e c a u s e  o f  t h e  d i f f e r e n c e s  
i n  a c i d i t y  a n d  c o l l o i d a l  m a t e r i a l  a l r e a d y  p r e s e n t .  
" T h e  l e a n e r  c l a y s  w o r k  b e t t e r  w i t h  h i g h e r  ( s o d i u m  
s i l i c a t e )  c o n t e n t ,  s i n c e  t h i s  p r o d u c E s  s o m e  c o l l o i d a l  
s i l i c a . "  ( 1 4 : 9 2 )  
" T h e  s l i p  s h o u l d  w e i g h  a b o u t  t w e n t y - s i x  o u n c e s  p e r  
p i n t .  I f  i t  w e i g h s  m o r e ,  i t  n e e d s  m o r e  w a t e r ;  i f  l e s s ,  
i t  c o n t a i n s  t o o  m u c h  w a t e r . "  ( 2 0 : 1 6 )  
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Flocculation and Deflocculation 
Flocculation can be thought of as flocking together. 
A colloid is a finely ground material, ranging from 
microscopic to molecular particles in a basic or alkaline 
solution. These particles contain a negative electrical 
charge. They repell each other as do like poles of a 
magnet. Consequently, the particles are suspended in 
solution because of the repelling forces and the impact 
of molecules ref erred to as the "Browning Movement". 
These two forces, the repelling force of the negative 
charged particles, and the constant bombardment on all 
sides by f aet moving molecules counteract the attraction 
of gravity. 
A deflocculated clay slip is as nearly as possible 
a completely colloidal solution. To produce a better 
suspension of the naturally colloidal materials such as 
alumina, soda ash (Na2co3 , Sodium Carbonate) is added 
to insure the maximum negative charge and to prevent 
flocculation, 16hich cannot occur when there is a slight 
excess of alkali or base; (excess alkali causes floccula~ 
tion). In addition, a natural colloid, water glass 




F l o c c u l a t i o n  i s  t h e  e x a c t  o p p o s i t e  o f  d e f l o c c u l a t i o n  
a n d  i s  p r o d u c e d  b y  a d d i n g  a n  a c i d  t o  t h e  s o l u t i o n  ( v i n e g a r .  
a c e t i c  a c i d ,  o r  h y d r o c h l o r i c  a c i d ) .  ~e a d d i t i o n  o f  t h e  
a c i d  n e u t r a l i z e s  t h e  e x c e s s  a l k a l i  a n d  t h e  n e g a t i v e  c h a r g e  
o n  t h e  p a r t i c l e s  a n d  p r o d u c e s  a n  a c i d  s o l u t i o n .  C o n s e -
q u e n t l y  t h e  p a r t i c l e s  e x e r c i s e  t h e i r  n a t u r a l  a t t r a c t i v e  
f o r c e s  a n d  c o l l e c t  i n  s m a l l  b u n d l e s  o r  f l o c k s .  T h e  
w e i g h t  o f  t h e  f l o c k s  c a u s e s  t h e m  t o  s e t t l e  o r  p r e c i p i t a t e  
b e c a u s e  t h e r e  a r e  n o t  e n o u g h  m o l e c u l a r  c o l l i s i o n s  t o  
c o u n t e r a c t  g r a v i t y .  
~e f l o c c u l a t e d  o r  d e f l o c c u l a t e d  c o n d i t i o n  o f  c l a y  
c a n  v e r y  e a s i l y  b e  t e s t e d  b y  p l a c i n g  a  s m a l l  q u a n t i t y  o f  
t h e  s l i p  i n  a  t e s t  t u b e  o f  w a t e r  a n d  s h a k i n g  i t ;  t h e n  
w a t c h  t o  s e e  i f  t h e  c l a y  w i l l  s e t t l e .  A  w e l l  f l o c c u l a t e d  
c l a y  w i l l  a l m o s t  i m m e d i a t e l y  s h o w  a  d e m a r k a t i o n  b e t w e e n  
t h e  w a t e r  a n d  t h e  c l a y .  A  c o l l o i d a l  s u s p e n s i o n  w i l l  n o t  
h a v e  a  d e f i n i t e  l i n e  b e t w e e n  w a t e r  a n d  t h e  c l a y  s u s p e n s i o n .  
I f  t h e r e  i s  a n y  q u e s t i o n  a s  t o  w h e t h e r  t h e  c l a y  w a s  d e -
f l o c c u l a  t e d  o r  n o t ,  s h a k e  t h e  t u b e  q u i t e  w e l l ,  t h e n  p u t  
h a l f  o f  i t  i n t o  a n o t h e r  t u b e .  T o  t h e  o n e  t u b e  a d d  s e v e r a l  
d r o p s  o f  d i l u t e  a c i d .  I f  t h e  o r i g i n a l  w a s  d e f l o c c u l a t e d ,  
t h e  d i f f e r e n c e  w i l l  b e  n o t e d  a l m o s t  i r m n e d i a t e l y  b y  t h e  
s e t t l i n g  l i n e ,  a n d  a  v i s u a l  e x a m i n a t i o n  w i l l  s h o w  s m a l l  
f l o c k s  r a t h e r  t h a n  a  t r a n s l u c e n t  s o l u t i o n .  
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Properties of a Deflocculated Casting Slip 
"The water flowing into the plaster must pass through 
the stiffened wall of clay adjacent to the plaster, which 
acts as a filtEr. Therefore the rate of casting depends 
largely on the permeability of the clay layer. For 
example, bodies high in ball clay cast slowly while 
those containing coarse clays cast rapidly." (14:90) 
Deflocculation makes possible a definite break between 
the slip and the solid clay surface next to the plaster. 
It also reduces the amount of water in the cast layer and 
prevents settling while casting is in process, therefore 
prevents a difference in thickness of walls and bottom. 
Deflocculated clays make a firm interlocking pattern of 
colloidal and nonplastic materials. 
Desired Properties of Casting Slip (14:91) 
1. A low enough viscosity to flow into the mold 
readily. 
2. A low rate of settling out on standing. 
3. Ability to drain cleanly (in drain casting). 
4. Giving sound casts in solid castings. 
5. Stability of properties when stored. 
6. Q,uick release from mold. 
53 
7 .  P r o p e r  c a s t i n g  r a t e  f o r  e a c h  o p e r a t i o n .  
a .  L o w  d r y i n g  s h r i n k a g e  a f t e r  c a s t i n g .  
9 .  H i g h  d r y  s t r e n g t h  a f t e r  c a s t i n g .  
1 0 .  H i g h  e x t e n s i b i l i t y  w h e n  p a r t l y  d r i e d .  
1 1 .  F r e e d o m  f r o m  t r a p p e d  a i r .  
1 2 .  F r e e d o m  f r o m  s c u m m i n g .  
" B a l l  c l a y s  s l o w  t h e  c a s t i n g  5 t e  a n d  i f  u s e d  i n  
t o o  l a r g e  a n  a m o u n t  { o v e r  t w e n t y - t w o  p e r  c e n t )  a r e  l i k e l y  
t o  c a u s e  s o f t  s p o t s .  T h e y  a l s o  i n c r e a s e  t h e  g r e e n  s t r e n g t h  
o f  t h e  w a r e .  T h e  k a o l i n s  g i v e  f a s t e r  c a s t i n g  b u t  l o w e r  
g r e e n  s t r e n g t h  . . .  ( 1 4 : 9 2 )  
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Chapter VIII 
CHARACTERISTICS AfID 1.ffi:THODS OF Dll'ROVING WHEEL CLAYS 
Introduction 
Pottery texts usually start their throwing section, 
"Talce a piece of wheel clay and wedge it, 11 or just, "Take 
some clay. 11 A survey of twenty yea.rs of a leading pro-
fessional and amateur potters' magazine failed to give 
even one article of any consequence concerning the charac-
teristics of wheel clays. The aJ.m.ost complete lack of 
information is not without reason. There is a wide range 
of variation within each limiting characteristic of clay, 
and compensation for inadequate clays are made by change 
of method or type of production to fit the clay. VJhen 
the potter has learned the 0 feel" of a clay, he then 
knows what to expect of it and consequently does not 
exceed those limits. 
Characteristics of 'Wheel Clay 
'Wheel cle,y characteristics follow generally those 
of subsoil clay: those plastic clays with a pleasing 
feel, those that possess enough body or strength to hold 
the form which is given them, yet soft enough to yield 
freely to the pressure of the hand; those characteristics 
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w . h i c h  m a k e  a  c h i l d  w a n t  t o  r o l l ,  t o  p i n c h ,  a n d  t o  m a k e  
i n t o  m a r b l e s  t o  b e  d r i e d  i n  t h e  s u n  - - t h e  s a m e  c h a r a c -
t e r i s t i c s  t h a t  u r g e  t h e  p o t t e r  t o  g e t  s o m e  o n  t h e  w h e e l  
a n d  s e e  h o w  i t  f e e l s ,  h o w  i t  y i e l d s  t o  h i s  e v e r y  t o u c h ,  
h o w  i t  r i s e s ,  h o w  i t  f l a r e s ,  a n d  h o w  m u c h  i t  w i l l  t a k e  
b e f o r e  i t  w a r n s  h i m  h e  h a s  r e a c h e d  i t s  l i m i t s .  
C l a y s  s e e m  t o  h a v e  p e r s o n a l i t i e s  w h i c h  c l a s h  w i t h  
o n e  p o t t e r  a n d  f i t  a s  a  g l o v e  w i t h  t h e  n e x t ,  s o  t o  p l a c e  
a  d e f i n i t i o n  w i t h i n  a b s o l u t e  l i m i t s  i s  f o l l J  w h e n  t h o s e  
' W h o  w o r k  t h e  c l a y  a r e  c o n s i d e r e d .  H o w e v e r ,  p o t t e r s  w i l l  
a g r e e  t h a t  a  w h e e l  c l a y  s h o u l d  h a v e  e n o u g h  p l a s t i c i t y  t o  
y i e l d  t o  a  m o d e r a t e  p r e s s u r e  w i t h o u t  c r a c k i n g  a n d  e n o u g h  
s t r e n g t h  t o  p r e v e n t  f a l l i n g  o f  r e a s o n a b l y  t h i n  w a l l s .  
T h e r e  s h o u l d  b e  a  r e s i s t a n c e  t o  a b s o r p t i o n  o f  w a t e r ,  b u t  
e n o u g h  a b s o r p t i o n  t o  m a k e  a  l u b r i c a t i n g  s l i p ;  a n d  e n o u g h  
d r y  s t r e n g t h  t o  p e r m i t  h a n d e l i n g :  f a s t  b u t  e v e n  d r y i n g  
w i t h  a  s h r i n k a g e  o f  l e s s  t h a n  t e n  p e r  c e n t .  
M e t h o d s  o f  J . m p r o v i n g  ' W h e e l  C l a y s  
R e m e d y i n g  o f  W e a k n e s s e s  
W a t e r  i s  o n e  o f  t h e  c h i e f  v a r i a b l e s .  A  w e t  b o d y  
i s  w e a k  e v e n  w i t h  t h e  s t r o n g  c l a y .  S o f t  c l a y s  t h a t  a b s o r b  
w a t e r  t o o  f a s t  c a n  b e  w e d g e d  o n  a  p l a s t e r  u n t i l  t h e y  a r e  
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fairly stiff; thus more water has to be absorbed before 
the piece falls. Weak clays can be thrown thick and 
trimmed when leather-hard. Soft weak clays will 11 quake 11 
or 11 g1ve 11 when a ball is twisted between the palms. 
This is due to fineness of the grain and deflocculation. 
Such a clay may be sprinkled with a dilute acid {vinegar) 
while wedging or after the cylinder has been thrown. 
Flocculation with acid will make the clay stronger, driert 
less slip will be formed when throwing, clay will not 
gouge as easily, and water absorption is cut down. 
Soft, we~t.k clays may be improved by the addition of 
ball clay (plastic clay). This will add strength, cut 
down the water absorption, and lubricating slip will 
last longer. Try additions of five, ten, and twenty-five 
per cent. Of course shrinkage and drying problems will 
be increased. 
Wittemore has found that bentonite can be used in 
place of ball clay. It adds plasticity, increases dry 
and fired strength, and lowers the vitrification point. 
Bentoni te reduces crci,cking by lengthening the drying time. 
The author found it undesirable for plastic clays for 
throwing because it w~s aliliost impossible to dry the 
clay by wedging. 
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B e n t o n i t e  g i v e s  a  c h a r a c t e r i s t i c  c a l l e d  
" t h i x o t r o p i s m "  ( 1 : 2 3 6 )  w h e r e  t h e  c l a y  w i l l  b e  r i g i d  
u n t i l  p r e s s u r e  i s  a p p l i e d .  T h e  p o r t i o n  u n d e r  p r e s s u r e  
" l i q u i f i e s
1 1
,  a s  t h e  p r e s s u r e  o f  a  s k a t e  o n  i c e  p r o d u c e s  
a  f i l l l l  o f  w a t e r  w h i c h  l u b r i c a t e s  t h e  s k a t e .  
L a d o o  h a s  f o u n d  t h a t  n e p h e l i n e  s y e n i t e  i n  s e m i -
v i t r e o u s  w a r e  p r o d u c e s  i n c r e a s e d  v i t r i f i c a t i o n  a n d  
g i v e s  l e s s  w a r p a g e .  
B l e n d i n g  o f  C l a y s  
B a l l  c l a y s  a n d  r e f r a c t o r i e s  c a n  b e  b l e n d e d  i n  a  
l i n e  b l e n d  t o  f i n d  t h e  b e s t  m i x t u r e .  A  l i n e  b l e n d ,  
f o r  i n s t a n c e ,  w o u l d  c o n s i s t  o f  m i x i n g  o f  t e n ,  t w e n t y ,  
t h i r t y ,  a n d  f o r t y  p e r  c e n t  o f  b a l l  c l a y  w i t h  n i n t y ,  
e i g h t y ,  s e v e n t y ,  a n d  s i x t y  p e r  c e n t  o f  f i r e  c l a y  i n  
t h a t  o r d e r .  E a c h  s a m p l e  w o u l d  b e  t h e n  t r i e d  o n  t h e  
\ ' J . k l  e e l .  
W e d g i n g  c h a r a c t e r i s t i c s  s u c h  a s  s t i c k i n g  t o  t h e  
t a b l e ,  s l o w n e s s  o f  r e m o v a l  o f  w a t e r  o n  t h e  p l a s t e r  
t a b l e ,  f a i l u r e  o f  w i r e  c u t s  t o  c l o s e ,  q u a k i n g ,  t e x t u r e ,  
a n d  p l a s t i c i t y  w o u l d  b e  c h e c k e d .  
5 8  
On the wheel, note the ease of centering, gouging 
and pulling, slip forrning, frequency of additions of 
water, water absorption of thin edges, strength of flares, 
tendency to fall, effect of sprinkling with dilute acid, 
drying time, cracking, etc. Keep a record of each and 
any other peculiarities. 'Ihese are not definite scientific 
analyses but indications of what may be expected of the 
mixture. 
If the clay passes these tests, make test strips 
and test for shrinkage and sag, firing temperature, and 
glazes. 
For beginning students, it is desirable to have a 
clay that is relatively soft and does not absorb water 
easily because of the length of time usually consumed 
in learning the fundamentals. 
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R E S U L T S  O F  C O R R E S P O N D I N G  T.::~STS M A . D E  F . l  T H E  A U T H O R  
T h e  t e s t s  f o u n d  i n  t h i s  p a p e r  h a v e  b e e n  c a r r i e d  o u t  
b y  t h e  a u t h o r  i n  t h e  c . w . c . E .  c e r a m i c s  L a b o r a t o r y  a n d  h a v e  
b e e n  f o u n d  t o  b e  s a t i s f a c t o r y  i n a s m u c h  a s  t h e y  c a n  b e  
c a r r i e d  o u t  b y  o t h e r s  w i t h  a  m i n i m u m  a m o u n t  o f  e x p e n s e  
a n d  e q u i p m e n t .  
T h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  o f  l o c a l  c l a y s  
i n  t h i s  a r e a  h a v e  b e e n  t h a t  t h e  s i l t y  c l a y s  f o u n d  b e t w e e n  
l a v a  f l o w s  a r e  e i t h e r  v e r y  l e a n  o r  v e r y  f a t ,  a n d  t h a t  
b l e n d i n g  o f  l e a n  a n d  f a t  w i t h  t h e  a d d i t i o n  o f  o t h e r  i n -
g r e d i e n t s  i s  n e c e s s a r y .  
T h e  a u t h o r  f o u n d  b u t  o n e  e x c e p t i o n :  a  s u b s o i l  c l a y  
i n  a  n e w  c u t  o f  a  m o u n t a i n  s t r e a m .  T h i s  c l a y  h a s  a  
p l a s t i c i t y  t h a t  m a k e s  i t  v e r y  w o r k a b l e  o n  t h e  w h e e l .  
E x p e r i m e n t a l  w a r e  w a s  m a d e  i n t e n t i o n a l l y  q u i t e  t h i c k  a t  
t h e  b o t t o m  a n d  t h i n  a t  t h e  t o p .  W a t e r  w a s  l e f t  i n  t h e  
v a s e  o n  a  w e t  p l a s t e r  b a t  a n d  n o  c r a c k s  d e v e l o p e d .  T h e  
d r y  h a r d n e s s  w a s  f o u n d  t o  b e  b e t t e r  t h a n  m o s t  c o m m e r c i a l  
c l a y s .  I t  a l s o  h a s  a  d r y  s t r e n g t h  t h a t  i s  s t r o n g e r  t h a n  
m o s t  c l a y s ,  h a s  a  d r y i n g  a n d  f i r i n g  s h r i n k a g e  o f  n i n e  
p e r  c e n t ,  f i r e s  a  b r i g h t  r e d ,  a n d  h a s  a  b e l l - l i k e  t o n e  
6 0  
when fired at cone 04. The only noticable defect was 
crazing of the glazes which is easily alleviated by the 
addition of silica. Inaccessibility of the deposit, 
however, makes it of no commercial value. 
Several clays were flocculated (dilute acid was 
added). Fire clay showed a marked improvement in strength, 
workability, and resistance to the absorption of water. 
Others shwwed no marked effects. 
Mixing of ball clay with fire clay gave added 
strength and decreased the tendency to sag when flared. 
The addition of bentonite to plastic clays was found to 
be unfavorable for plastic wheel clays because of its 
resistance to dewater1ng. 
It was found to be desirable to add soda ash to 
the wet slury. Thoroughly mix and then add sodium silicat~ 
Mixing of the deflocculents before adding was found to 
be unsatisfactory. Different clays were found to need 
different proportions of deflocculents. 
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A L P H A B E T I C A L  l l I D E X  
h y d r o c h l o r i c  - 5 2  
A d a p t a t i o n  o f  g l a z e s  t o  n e w  c l a y  b o d i E s  - 4 4 - 8  
A g e i n g  o f  w e t  c l a y  - 1 7 ,  3 5  
A l k a l i e s  - 1 1 ,  5 1 - 2  
A l t e r i n g  c l a y  t o  f i t  f i r i n g  r a n g e  - 4 1 - 2  
c l a y  t o  f i t  t h e  g l a z e  - 4 5  
f i r i n g  r a n g e  t o  f i t  o r i g i n a l  c l a y  - 4 2  
g l a z e  t o  f i t  t h e  c l a y  - 4 5  
A l u m i n a  - 7 ,  8 - 9 ,  5 1  
A l u r n i n u r n  s i l i c a t e  - 4 ,  5 ,  8  
A l u v i a l  c l a y  - 6  
: B a l l  c l a y  - 7 ,  5 7  
B a r i u m  c a r b o n a t e  - 5 0  
o x i d e  - 4 6  
B e n t o n i t e  - 8 ,  1 8 ,  5 7  
B l e a c h i n g  e f f e c t  - 1 3  
a g e n t  - 1 1  
B l e n d i n g  c l a y  - 5 8 - 9  
B o r a x  - 4 1  
B o r i c  o x i d e  - 4 6  
B r o w n i n g  M o v e m e n t  - 5 1  
B u b b l e s  i n  c l a y  - 1 8  
i n  g l a z e  - 4 ,  1 4 ,  1 7  
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Deflocculated casting slip, properties of - 53-4 
clays - 15, 16 
Deflocculation - 51-2 
Deflocculent, addition of to CEJ.sting slip - 49-50 
Deposits of clay, exploring - 23-8 
field testing 28-30 
locating - 23-8 
Dewatering of clay - 35 
Division of samples - 32-3 
Drying shrinkage - 18 
Dry strength of clay - 19 
Eolian clay - 7 
Estuarine clay - 6 
Exploration and location of clay deposits - 23-8 
Fault - 24 
Feldspar - 5, 6, 8, 11, 17, 41 
Field tests - 28-30 
trips - 23-30 
Fire clay - 8 
Fired shrinkage - :::;l 
Firing properties of clay - 19-22 
range of clay - 42 
of test strips - 41-2 
Flint - 17, 18, 41, 45 
Flocculated - 15, 16 
C3 
F l o c c u l a t i o n  5 1 - 2 ,  5 7  
F l o w  - 4 4  
F l u x  - 8 ,  2 0 ,  4 1  
F o s s i l  - 7 ,  2 6  
F r i t s  - 4 1  
F u s i o n  - 2 0  
G e o l o g i s t  - 2 7  
G e o l o g y  o f  c l a y  - 4  
G l s , c i a l  c l a y  - 7  
G l a z e  d e f e c t s  - 4 6  
G n e i s s  - 5 ,  6  
G r a n i t e  - 6  
G r e e n  s t r e n g t h  - 5 4  
G r i n d i n g  o f  c l a y  3 3 - 4  
G r o g  - 1 4 ,  4 1 ,  4 5  
G r o u n d  g l a s s  - 4 1
7  
4 5  
H a r d n e s s  o f  c l a y ,  o r i g i n a l  p r o p e r t y  - 1 3  
f i r e d  p r o p e r t y  - 2 2  
H y d r o c h l o r i c  a c i d  ( H C l )  - 1 0 ,  1 1 ,  5 2  
I g n i t i o n  l o s s  - 1 2  
I l m e n i t e  - 1 1  
I n s i p i e n t  f u s i o n  - 2 0  
6 4  
Iron - 4, 7, 10, 13 
oxide - 22 
Kaolin - 6, 8, 41, 54 
Laminate, tendency to 
Lacustrine clay - 7 
Lead oxide - 41, 46 
Lean clay - 14, 50 
Lime - 5, 10, 13, 21 
Line blend - 58 
Lithia - 11 
- 17-18 
Location and exploration of clay deposits - 23-8 
Magnesium. - 4, 11 
oxide - 11, 46 
Me..nganese - 4, 13 
Marine clay - 6 
Methods of improving qualities of clny 56-9 
Minerals in clay - 8-12 
Mixing of clay for purification - 33 
Nepheline syenite - 41, 45, 46, 58 
Neutral condition of clays - 15 
Organic matter - l~-13 
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O V e r f  i r i n g  - 2 2 ,  4 6  
P i n h o l e s  i n  g l a z e  - 4 7  
P l a s t i c i t y  o f  c l a y  - 4 • : 9 ,  1 . 5  
P o p p e r s  - 1 1  
P o r e  w a t e r  - 1 9  
P o r o s i t y  - 2 1  
P o t a s h  - 1 1  
P o t a s s i u m  - 4  
P u r i f i c a t i o n ,  S l u r y  o r  s l i p  m e t h o d  o f  - 3 3 - 5  
Q . u a k e  - 5 7  
R e f r a c t o r y  c l a y s  - 7 ,  9 ,  4 1 ,  4 5  
R e s i d u a l  d e p o s i t s  - 5  
R o c k  f l o u r  - 5 ,  ? ,  2 8  
R o u g h  t e x t u r e  i n  g l a z e s  - 4 7  
R u n n i n g ,  i n  g l a z e s  - 4 7  
R u t l e  - 1 1  
S a m p l e s ,  D i v i s i o n  o f  - 3 2 - 3  
p r o c e s s i n g  o f  - 3 3 - 5  
s e l e c t i o n  o f  - 3 1 - 2  
S a m p l i n g  n e w  d e p o s i t s  - 3 1 - 5  
S a n d  - 9  
S a n d s t o n e  - 5 ,  2 6  
6 6  
Screening of clay - 34 
Sedimentary clay deposits - 6 
Selection of samples - 31-2 
Shale deposits - 4, 13, 26-7 
Shivering - 46-7 
Shrinkage test - 38-9 
Shrinkage water - 19 
Sieves - 33 
Silica - 4, 7, 8, 9-10, 21, 45, 46 
Silt - 5, 28 
Slacking of clay - 13, 29, 34 
Slip, casting - 49-54 
method of purification - 33-5 
Slurry, method of purification - 33-5 
Soda - 11 
ash - 50, 51 
Sodium - 4 
carbonate - 51 
silicate - 50, 51 
Soft earth clay deposits - 25-6 
Spot check, in locating new clay deposits - 27-8 
Strength, dry - 19 
fired - 22 
wet - 16 
Subsoil clay - 55 
deposits - 25-6 
Sulphuric acid - 11 
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S u s p e n s i o n  - 5 1 - 2  
T e m p e r i n g  w a t e r  - 1 6  
T e n d e n c y  t o  l a m i n a t e  - 1 7 - 1 8  
T e s t i n g  o f  g l a z e s  o n  t h e  n e w  c l a y  b o d y  - 4 4  
o f  r a w  s l i p  f o r  c a s t i n g  - 4 9  
T e s t s ,  s h r i n k a g e ,  w a r p a g e ,  a n d  g l a z e  - 3 7 - 8  
T e s t  s t r i p s ,  c o m b i n a t i o n  - & 0 - 1  
f i r i n g  o f  - 4 1  
g l a z e  - 3 8 - 9  
s h r i n k a g e  3 8 - 9  
w a r p a g e  ( s a g )  4 0  
v i t r i f i c a t i o n  4 2 - 3  
T e x t u r e  o f  c l a y  - 4  
T h i x o t r o p i s m  - 5 8  
T h r o w i n g  - 5 7  
T i n  o x i d e  - 4 6  
T i t a n i u m  - 4 ,  1 1  
T o p o g r a p h y  - 3 0  
T r a c e  m i n e r a l s  - 1 2  
U n d e r f  i r i n g  - 4 6  
V i n e g a r  - 5 2  
V i t r i f i c a t i o n  - 2 0 ,  2 1  
r a n g e  - 2 0  
V o l a t i l e  m a t e r i a l ,  l o s s  o f  i n  f i r i n g  - 1 9 ,  4 7  
i . ) 8  
Warpage test - 37-8, 40-1 
Water - 8 
chemically combined - 10, 21 
of crystalization - 10 
of plasticity - 10 
pore - 10, 19 
shrinkage - 19 
tempering - 10, 16 
Weak clay - 14 
Weaknesses of wheel clays, remedying of - 56-8 
Wedging - 57 
Wet strength of clay - 16 
Wheel clays, blending of - 58-9 
characteristics of - 55-6 
methods of improving - 56-9 
Workability of clay - 9 
zinc oxide - 46 
Zirconium oxide - 46 
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G L O S S A R Y  O F  T E R M S  




)  B a s i c  c l a y  f o r m i n g  m a t e r i a l .  
B a l l  c l a y  - V e r y  p l a s t i c  c l a y ;  u s e d  t o  g i v e  p l a s t i c i t y  
t o  c l a y .  
B a t ,  p l a s t e r  - A  f l a t  s l a b  o f  p l a s t e r  o n  w h i c h  c l a y  i s  
f o r . m e d .  T h e  p l a s t e r  a b s o r b s  t h e  m o i s t u r e  f r o m  t h e  
w e t  c l a y .  D e w a t e r i n g  b o w l s  m a d e  o f  p l a s t e r  a r e  
a l s o  u s e d .  
B e n t o n i t e  - A  h i g h l y  p l a s t i c  c l a y ,  u s e d  i n  p l a c e  o f  b a l l  
c l a y  i n  s o m e  b l e n d s  o f  c l a y .  A  m a x i m u m  o f  2 %  i s  
u s e d  t o  k e e p  g l a z e s  f r o m  s e t t l i n g .  T o o  m u c h  b e n t o n i t e  
m a k e s  g l a z e  s h r i n k  a n d  p e e l .  
B i s q u e  o r  b i s c u i t - w a r e  - U n g l a z e d  c l a y  w h i c h  h a s  b e e n  f i r e d  
o n c e .  
B o r a x ,  b o r i c  a c i d ,  a n d  b o r i c  o x i d e  - S t r o n g  f l u x e s  u s e d  
i n  g l a z e s ,  f r i t s ,  a n d  o c c a s i o n a l l y  i n  c l a y  b o d i e s .  
C h e m i c a l  w a t e r  - W a t e r  o f  c r y s t a l i z a t i o n ;  a  p a r t  o f  t h e  
c r y s t a l s  o f  s o m e  c o m p o u n d s  ( K a o l i n ) .  
C h i n a  c l a y  - S a m e  a s  a l u m i n a  o r  k a o l i n .  U p  t o  2 5 %  w i l l  
g i v e  o p a c i t y  a n d  a  m a t t  q u a l i t y  t o  a  g l a z e .  I t  
w i t h s t a n d s  a  v e r y  h i g h  t e m p e r a t u r e  ( r e f r a c t o r y ) .  
C o l l o i d s  - S u s p e n s i o n s  o f  s m a l l  p a r t i c a l s  i n  o t h e r  s u b s t a n c e  
a s  c a s t i n g  s l i p .  
C o n e s  - C o n e - s h a p e d  p i e c e s  o f  c l a y  u s e d  t o  m e a s u r e  t h e  
t i m e  a n d  t e m p e r a t u r E  a t  w h i c h  a  c l a y  o r  g l a z e  m a t u r e s .  
C r a w l i n g  - D e f e c t  i n  g l a z i n g  r e s u l t i n g  i n  b l o b s  a n d  l u m p s .  
C r a z i n g  - T h e  a p p e a r a n c e  o f  c r a c k s  o n  t h e  f i n i s h e d  p o t .  
D e f l o c c u l e n t  - A  s u b s t a n c e  p u t  i n t o  c a s t i n g  s l i p  i n  o r d e r  
t o  k e e p  i t  i n  s u s p e n s i o n  c-~nd o f  a  s m o o t h  c o n s i s t e n c y .  
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Calcium - 4 
oxide - 11 
silice.tes - 11 
Casting slip, characteristics of - 49 
preparation of - 49 
Chemicals in clay - 8-12 
Chemical water - 10, 21 
China clay - 8 
Clay, ageing of - 35 
ball - 7, 57 
bodies - 58-9 
China - 8 
characteristics of and how to alter - 12 
chemicals in - 8-12 
commonly used in pottery - 7 
definition and source of - 4 
dry properties of - 18 
fire - 8 
firing properties of - 19-22 
geology of - 4, 5 
original properties of - 12 
processing of sample materials 33-5 
residual - 5 
sampling of - 31-5 
sedimentary - 6 
slip method of purification - 33 
testing of - 37-43, 49 
wet properties of - 15-16 
Colloidal action - 16 
Colloids - 16, 51 
Color in clay bodies - 12 
in fired clay - 21 
in locating new clay deposits - 27 
Crawling - 44, 46-7 
Crazing - 44, 45, 47 
71 
E x a m . p l e  o f  d e f l o c c u l e n t s :  S o d i u m  c a r b o n a t e  ( s o d a  a s h )  
a n d  s o d i u m  s i l i c a t e .  
F a u l t  - A  v e r t i c a l  c r a c k  w h e r e  o n e  s e c t ! o n  o f  r o c k  h a s  
s l i p p e d  d o w n  o r  u p .  
F e l d s p a r  - A  w i d e l y  f o u n d  m i n e r a l  o f  w h i c h  t h e r e  a r e  s e v e r a l  
v a r i e t i e s .  O r t h o c l a s e  f e l d s p a r  w h i c h  c o n t a i n s  p o t a s h  
i s  t i 1 e  o n e  m o s t  f r e q u e n t l y  u s e d  i n  b o d i e s  a n d  g l a z e s .  
I t  p r o d u c e s  d e n s i t y .  " W h e n  d e c o m p o s e d  i t  b e c o m e s  
k a o l i n .  
F i e l d  t e s t s  - T e s t s  t h a t  c a n  e a s i l y  b e  m a d e  w i t h o u t  
l a b o r a t o r y  e q u i p m e n t  a t  t h e  d e p o s i t .  
F l i n t  - S i l i c a ,  t h e  a d d i t i o n  o f  w h i c h  g i v e s  p o r o s i t y  t o  
c l a y  o r  g l a z e  a n d  r e d u c e s  c r a z i n g  i n  g l a z e s .  
F l o c c u l e n t  - A c i d  w h i c h  n e u t r a l i z e s  a  d e f l o c c u l a t e d  c l a y  
a n d  c a u s e s  t h e  p a r t i c l e s  t o  f l o c k  a n d  s e t t l e .  
( A c e t i c  a c i d ,  h y d r o c h l o r i c  a c i d ,  o r  v i n e g a r )  
F l u x  - A  m a t e r i a l  w h i c h  m e l t s  u n d e r  h e a t ,  t h u s  p r o v i d i n g  
t h e  m e d i u r . a  f o r  t h e  f u s i o n  o f  a l l  t h e  o t h e r  m a t e r i a l s  
w h i c h  a r e  c o n t a i n e d  i n  a  g l a z e  o r  c l a y .  
F o s s i l  - J . m p r e s s i o n  o r  r e m a i n s  o f  p l a n t s  a n d  a n i m a l s  
f o u n d  i n  s h a l e s ,  s a n d s t o n e ,  e t c .  
F r i t  - . A  m i x t u r e  o f  s o l u b l e  a n d  m s o l u b l e  g l a z e  m a t e r i a l s  
w h i c h  h a v e  b e e n  c a l c i n e d .  T h e  p u r p o s e  o f  f r i t t i n g  
i s  t o  c h a n g e  t h e  s o l u b l e  m a t e r i a l s  i n t o  i n s o l u b l e  
f o r m .  
F u s i o n  - M e l t i n g  t o g e t h e r  o f  i n g r e d i e n t s .  
G e o l o g i s t  - A  p e r s o n  w h o  s t u d i e s  g e o l o g y  ( a  s t u d y  o f  t h e  
e a r t h ) .  
G l a z e  - G l a s s  f u s e d  t o  c l a y .  ( B o p i a )  
G r o g  - C l a y  w h i c h  h a s  b e e n  b i s c u i t - f i r e d  a n d  f i n e l y  g r o u n d ;  
u s e d  t o  g i v e  c l a y  p o r o s i t y  a n d  t e x t u r e  a n d  t o  d e -
c r e a s e  s h r i n k a g e  a n d  w a r p i n g .  
7 2  
Ilmenite - Titanium oxide. 
Kaolin - China clay. Pure refractory clay. (Hydrous 
aluminum. silicEtes) 
Kiln - An oven-like furnace for firing pottery. 
Leather-hard - Clay which is still wet, yet too firm. to 
bend easily. 
Line blend - A method of mixing s~plEs of clay so as 
to get even intervals of variation; such as, 100% A; 
90% A plus 10% :B; 80% A plus 20% :B, etc. 
Modeling clay - Any clay with strength and moderate 
plasticity suitable for hand molding or forming. 
Refractory - Hard, infusible, as kaolin. 
Residual clay - Clay formed in its present location from 
:parent rocks. 
Rich - Sticky and fusible clays; plastic, as ball clays. 
Rock flour - Dust from glaciation or water action in 
streams; may decorr.:pose into clay if alumina is present. 
Sand - Gritty substances, usually quartz, feldspar, mica, 
etc. 
Shivering - Defective glaze coming away from the body; has 
the same appearance as crazing except that cracks can 
be felt. 
Short - A lack of plasticity in clay; a.s sandy clays which 
crumble and crack when they are being shaped. 
Silica - Flint (quartz sand). 
Silt - Fine material which has settled out of muddy water. 
Slacking of clay - Disintegration of dry clay in water. 
Slip - Sieved clay or glaze in a moist, soft or creamy 
state. 
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S 1 u r r y  - U n s i e v e d  c l a y  i n  a  l i q u i d  s t a t e .  





S o d i u m  c a r b o n a t e  - U s e d  a s  a  d e f l o c c u l e n t  i n  c a s t i n g  s l i p .  
S o d i u m  s i l i c a t e  - W a t e r  g l a s s ,  a  d e f l o c c u l e n t  i n  c a s t i n g  
s l i p ;  a l s o  u s e d  1 n  m e n d i n g  b i s c u i t  w a r e .  
S u s p e n s i o n  - T h e  s t a t e  i n  w h i c h  p a r t i c l e s  m i x e d  w i t h  
w a t e r  a r e  k e p t  i n  e q u a l  d i s t r i b u t i o n ,  p r e v e n t i n g  
t h e m  f r o m  s e t t l i n g  t o  t h e  b o t t o m  o f  t h e  c o n t a i n e r .  
M i n u t e  p a r t i c l e s  i n  a  l i q u i d  w h i c h  d o  n o t  s e t t l e  
o u t .  
T e s t  s t r i p s  - S a m p l e s  o f  c l a y  u s e d  t o  t e s t  f i r i n g  a n d  
g l a z i n g  p r o p e r t i e s .  
T h r o w i n g  - F o r m i n g  w a r e  o n  t h e  p o t t e r y  w h e e l .  
T u r n i n g  - T r i m m i n g  w a r e  i n  t h e  l e a t h e r - h a r d  s t a t e  w h i l e  
i t  i s  b e i n g  t u r n e d  o n  t h e  p o t t e r y  w h e e l .  
V i n e g a r  - d i l u t e  a c e t i c  a c i d .  
V i s c o u s  - T h i c k ,  s l o w - r u n n i n g  l i q u i d ,  a s  s y r u p  o r  m o l t e n  
g l a z e .  
V i t r i f i c a t i o n  - T h e  s t a g e  a t  w h i c h  g l a z e s  m e l t ;  t h e  
c o m p o n e n t  p a r t i c l e s  o f  c l a y  u n i t e  i n t o  a  d e n s e ,  
s t r o n g  e . n d  g l a s s - l i k e  s u b s t a n c e .  
V o l a t i l e  m a t e r i a l  - W i l l  t u r n  t o  g a s  w h e n  h e a t e d .  
W e d g i n g  - T h r o w i n g  a n d  p o u n d i n g  o r  k n e a d i n g  c l a y  b e f o r e  
i t  i s  u s e d  i n  o r d e r  t o  d r i v e  o u t  t h e  a i r  a n d  m a k e  
a n  e v e n  c o n s i s t e n c y .  
W h E e l  c l a y s  - C l a y s  s a t i s f a c t o r y  f o r  t h r o w i n g .  
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